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ABSTRACT

In order to determine the changes in air quality along major freeways
resulting from the introduction of catalysts or other control devices on

automobiles to reduce the emissions of carbon monoxide and hydrocarbons, mea-

surements of the air quality were performed just before catalyst equipped vehicles
were introduced. Data were collected for 12 days in August and September 1974
on either side of the San Diego Freeway in Los Angeles just south of Wilshire
Boulevard. Measurements included meteorological conditions, trace gas con-
centrationé, aerosol number concentrations and size distributions, and two-
hour filter samples which were analyzed for a number of elements and species.
The data have been edited and collected into a data base of 10 minute, one-
hour, and two-hour averages. All known limitations in the data are carefully
described. Pollutant concentration differences due to the traffic are tabu-
lated, as well as concentration differences divided by the NOy concentration
difference. Reduced nitrogen and sulfur species were observed, as well as a
volatile sulfur component in the aerosol. A new method of reducing electrical
aerosol analyzer data was developed.
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2.0 CONCLUSIONS

The data bank documenting the air quality along a major Los Angeles
freeway just before the introduction of catalyst equipped automobiles has
been collected, edited, and compiled on magnetic tape. No new air quality
problems were discovered in this study, and more recent studies reviewed in
this report indicate that sulfate concentrations due to catalyst equipped
cars are now appreciably less than projected at the time this study was
initiated. The limitations of the data bank collected in this study are
described in the report.
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3.0 RECOMMENDATIONS

No recommendations for further Air Resources Board actions have been
developed from the data obtained in this study. It appears that the sulfate
emissions from vehicles are low enough that no action related to them is
required at this time.

11



SC592.5FR
‘1 Rockwell International

Atomics International Division
Air Monitoring Center

4.0 INTRODUCTION

This Motor Vehicle Sampling Experiment is the first phase of a California
Air Resources Board (ARB) program to measure the changes in near roadway
ambient air quality resulting from the use of oxidative catalysts on automobile
exhaust systems. The field measurements were made in August and early September
1974, just as the first catalyst equipped vehicles were being sold. The con-
tinuing work in this program is being conducted by the ARB staff from the El
Monte Laboratories (Bockian, et al. 1977).

4.1 BACKGROUND

In order to comply with the provisions of the 1970 Clean Air Act, motor
vehicle manufacturers began using catalystic converters in the exhaust systems
of most automobiles beginning with the 1975 model year. The catalysts were
primarily designed to control the hydrocarbon and carbon monoxide emissions,
but had the unintended property of oxidizing the sulfur in the fuel to sulfur
trioxide. On entering the atmosphere, sulfur trioxide is very rapidly converted
into a fine mist of sulfuric acid.

The discovery of the emission of sulfuric acid and the early work on the
problem has been reviewed by Pierson, Hammerle, and Kummer (1974) and by Bradow
and Moran (1975). It was observed in 1971 that catalyst equipped vehicles
burning non-leaded fuel had increased particulate emissions (Moran, Manary, Fay,
and Baldwin, 1971), but it was not until early 1973 that it became generally
known that these emissions were largely sulfuric acid. Since that time, a
great deal of work has been done on the problem.

It appears that the processes which lead to the sulfate emissions are
rather complex, and that many factors play a role. As a result, the determin-
ation of emission factors for catalyst equipped automobiles is still in pro-
gress. At the present time, it is clear that at least the following factors
are important in determining the sulfate emission rate from a catalyst equipped
vehicle:

12
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Fuel sulfur concentration. It is a good approximation that the sulfate

emission rate is proportional to the concentration of sulfur in the
fuel. *

Catalyst temperature. At the mid-range and upper catalyst temperatures,

thermodynamic equilibrium is established between sulfur dioxide, oxygen,
and sulfur trioxide in the catalyst. At equilibrium, higher temperatures
give lower conversions to sulfate. At Tow temperatures, the oxidation of
SO0; is rate limited, and Tower temperatures give Tower conversions.

Excess oxygen concentration. It follows from the fact that equilibrium is

often achieved, that more oxygen in the exhaust leads to greater conversion

of sulfur dioxide to sulfate. Therefore, California cars equipped with
air pumps typically have higher sulfate emissions than 49-state cars.

Sulfate storage. As much as 3% of the alumina catalyst support can be con-

verted to aluminum sulfate, with the result that large amounts of sulfur
can be stored in the catalyst unit. Therefore, sulfate emissions depend

on the previous driving history of the car. Storage tends to reduce sulfate
emissions, because sulfur dioxide is not stored at all, and when stored
sulfates are released, they are usually released in thermodynamic equilib-
rium between sulfur dioxide and sulfate. Stored sulfates can also be
rapidly stripped to form SO, by CO, hydrogen, or olefins, which occur in
the exhaust under fuel rich conditions.

® Driving mode. It is generally observed, for reasons which follow in part

from the above observations, that driving at a variable speed produces
lower sulfate emissions than driving steadily at the same average speed.
The speed fluctuations need not be very large to observe this effect.

® Vehicle and test. Supposedly identical vehicles show wide vehicle-to=v&hicle

variations in the sulfate emission rate. Also, test results on the same
vehicles are not as reproducible as one would Tlike.

o Catalyst age. Recent work discussed below shows that the catalyst in consumer-

owned vehicles deteriorate more rapidly than those in test or certification
vehicles. In addition, catalysts fortunately lose their ability to oxidize
sulfur dioxide more rapidly than they lose their ability to promote the
oxidation of hydrocarbons and carbon monoxide.

Perhaps the best current ihformation on the sulfate emission rate for

13
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catalyst equipped cars in actual use is contained in the papers by Herling
et al. (1977) and Gibbs et al. (1977) presented at the February 1977 Society
of Automotive Engineers meeting. The work of Herling et al. shows the typical
great variability of the sulfate emission rate between vehicies, and also shows
a decrease from a rate of 16 mg/mi at an average of 3500 mi to 7.6 mg/mi at
an average of 12,500 mi for the same set of California cars. These figures
are to be compared with the 37 mg/mi observed with Tow mileage California
(air pump equipped) cars in the General Motors Sulfate Dispersion Experiment
(Cadle et al., 1976). If the test results of Herling et al. for the fleet of
100 California cars are typical, then the following conclusions can be drawn:

® Tt will not be necessary to wait untill all vehicles are equipped with
catalysts (about 10 years) in order to reach a steady state sulfate emis-
sion rate. It will only be necessary to wait long enough for the catalysts
of the 1975 vehicles to Tose their ability to oxidize sulfur compounds,
which may take only two or three years.

® Actual sulfate emission rates on California freeways are now and will be much
Tower than estimated early in 1975 when this problem was being assessed.
(See, for example, the CARB staff report on this topic, 1975).

Of course, sulfate emission rates in the future depend strongly on control

technology decisions made by the automobile manufacturers.

Several measurement programs other than the one repcrted here have been
undertaken to determine the concentrations of sulfate due to catalyst equipped
cars which actually occur on roadways. The largest is the Los Angeles Catalyst
Study  sponsored by the EPA. The data from this program are obtained at four
fixed sites on the San Diego Freeway in West Los Angeles, just north of the
site used in this study. The measurements include the determination of the
concentration of a great variety of gaseous and particulate species in addition
to sulfates. In the spring of 1976, it was reported that the average afternoon
increase in concentration of sulfate across the freeway measured on hi-vol samplers
was b u.g/m3 (see, for example, Criteria and Special Studies Office, HERL, EPA,
1977), but it was widely felt that some of this was due to the artifact formation
of sulfate on the filters from sulfur dioxide. At the April 1977 meeting at
Research Triangle Park in which the results of this program to date were sum-

14
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marized, it was reported that when the sulfate data from all methods are
combined, the best estimate of the across freeway sulfate difference is about
0.5 #g/m3 (Rodes and Evans, 1977).

A significant turn in the attitude of the EPA toward the catalyst sulfate
problem resulted from an analysis of Papetti and Horowitz (1975). They con-
structed a statistical model to determine the distribution of exposures to

sulfuric acid that might be expected by commuters in Los Angeles. It was

found that the upper bound exposures which had been estimated (for example,

290 wug/m3 in the analysis of Papetti and Horowitz) were extremely improbable.
This highest concentration occurred with only a probability of 6 x 10'7 in

the Papetti and Horowitz results. Furthermore, the concentration which occurred
with 99% probability in their upper limit estimate was 12 pg/m3, and the

median concentration was less than 2 ug/m3. These numbers represent and upper

bound, and are not Tlarge compared to sulfate concentrations due to other sources.
Furthermore, they were calculated at a time when the best estimates of the

emission rates were about three times higher than suggested by the work of
Herling (1977). 1If, in addition, the degradation of the sulfate emission rate
with increasing mileage is taken into account, it would be reasonable to reduce
the concentration distribution estimates of Papetti and Horowitz by a factor of
six or more. Then the 99% probability concentration becomes 2 ug/m3 or less.
The analysis of Papetti and Horowitz was one of the significant pieces of in-
formation considered when the EPA decided not to promulgate a sulfate standard
for vehicles. The conclusions to be drawn from the analysis become even

more clear now that the estimates of actual emission rates are lower.

At about the same time, the General Motors Corporation sponsored an experi-
ment at the Milford Proving Ground (Cadle et al., 1976, 1977). The EPA was
invited to participate in this experiment (Stevens et al., 1976, Wilson et al.,
1977). It was found that low mileage, air pump equipped California cars had
an average sulfate emission rate of 37 mg/mi, when driven at steady speed on
the test track, and that the emitted sulfates initially were in the nucleij
mode particle size range. In addition, it was found that the maximum sulfate
concentrations near the roadway were significantly lower than predicted by the
EPA HIWAY model under stagnant conditions, and that the sulfate concentrations
fell off rapidly with increasing distance from the roadway. These observations
Ted to the conclusion that the population primarily at risk is the vehicle

15
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occupants on the freeway.

To directly measure the exposure of commuters to sulfuric acid and related
sulfates due to catalyst equipped cars, the EPA has initiated a program which
is still continuing in Los Angeles. In the first phase of the work, participants

from Caltech, the University of Minnesota, Washington University, and the

Air Monitoriné Center took measurements for two weeks in the fall of 1976
(Richards, 1977). The in-roadway sulfate levels found in this study were much
lower than expected. On most days, they were below the 1imit of detection,
which was primarily determined by the high and variable background sulfate
concentrations. On the day when the excess concentration of sulfate on the
roadway was most clearly seen, its concentration was estimated to be 0.6 ug/m3.
Dr. W. R. Pierson of Ford Motor Company has pointed out that the sulfate con-
centrations observed in this study are low compared to the roadway sulfur
dioxide concentrations, even when the lowest measured sulfate formation rates
in catalysts and the emissions of diesels are considered in the data inter-
pretation. Therefore, there is some question that the actual roadway sulfate
concentrations are as low as reported by this study. However, it does seem
safe to conclude that the sulfate concentrations on freeways due to catalyst
equipped cars in October 1976 did not exceed 2 ug/m3 when averaged over the
filter collection times, which were typically near one-half hour. Therefore,
it appears that sulfates from catalyst equipped cars are not now a problem on
California roadways, and are not likely to become a problem until vehicle
manufacturers change to different control devices. Such changes are probable,
because it appears that present vehicle are not meeting the standards (Herling
et al., 1977). To obtain better confidence through better data that the sulfate
emissions from catalyst cars are indeed not a source of concern, the EPA
programs to make roadside and in-roadway measurements are continuing.

Sulfates are not the only species emitted from cars equipped with control
devices. The emission of noble metals, nickel carbonyl from catalysts which
contain nickel, hydrogen cynanide from three-way catalysts, and manganese from
the use of MMT as a fuel additive have all been sources of concern. Therefore,
this study of the concentrations near a freeway shortly before the first cars
with catalysts came into use included the measurement of the concentration of
a number of metals and other gaseous and particuiate species.

16



e iy

$C592.5FR
‘ Rockwell International

Atomics International Division
Air Monitoring Center

4.2 OBJECTIVE

The objective of the study reported here is to characterize the effect of
a major freeway on air quality near the roadway before the introduction of the
catalytic converters in exhaust systems. The study emphasized the determination
of the physical properties and chemical composition of the emitted aerosols.
A11 valid data are recorded in an edited magnetic tape data bank, and are

“available for future reference.

4.3 ORGANIZATION

The Motor Vehicle Sampling Experiment was carried out by three cooperating
contractors under three separate contracts with the California Air Resources
Board. This section of the report describes the organization of the program
and the responsibilities and major tasks of each of the contractors. The study
was under the direction of Drs. Albert Bockian and Jack Suder of the Research
Section of the ARB.

The Rockwell International portion of this study was initiated by Dr. G.
M. Hidy and the Science Center staff, and the program was transferred to the
Air Monitoring Center (AMC) when that organization was formed from the Science
Center. The field program was conducted by H. H. Wang. The responsibilities
of the AMC were:

® Site selection and preparation.

® Logistics and coordination of the sampling episodes.

® Calibration of the sampling flow rate of the "Q" automatic sequential

filter samplers.

Calibration of the aerosol instrumentation in the ARB mobile Taboratory,
the Royco OPC in the NWC laboratory, and assistance in the calibration
of the CNC and EAA in the NWC mobile laboratory.

Operation of all equipment and systems in the ARB mobile laboratory on

the east side of the freeway except for the filter samplers and
instruments measuring concentrations of gases.

Reduction and tabulation on a magnetic tape of all data from the ARB
mobile laboratory.

17
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® The analysis and interpretation of the data from all contractors.
® The preparation of a final report.

The work by the Air and Industrial Hygiene Laboratory, California Depart-
ment of Health (AIHL) was carried out under the direction of Dr. Bruce Appel.
The responsibilities of AIHL were:

Calibration of all instruments measuring gas concentrations.
Calibration of all flow rates on filter samplers, except the "Q" samplers.
® QOperation of all filter samplers on the west side of the freeway (at
the ARB mobile laboratory).
Providing pre-weighed filters for all filter samplers, returning the
filters to the laboratory, analyzing them, and coordinating the

analyses to be performed by other laboratories (Lawrence Berkeley
Laboratory and University of California at Davis).

® Preparing a data tape containing validated results from all filter
analyses.

® Preparation of a final report.

The Technology Utilization Office, Naval Weapons Center, China Lake,
California (NWC) provided and operated a mobile laboratory on the east side of
the freeway. The NWC work was directed by Paul Owens, and their responsibilities
were:

® Calibration of nephelometer and some other acrosol instruments in the

NWC mobile Taboratory (see AMC responsibilities).

® QOperation of all instruments and filter samplers on the west side of

the freeway.

® Preparation of a magnetic tape of validated data from the aerosol, gas

measuring and meteorological instruments on the west side of the
freeway.

The AIHL transmitted its instrument calibration data directly to the
operator of each mobile laboratory, so those calibrations could be used when
processing the magnetic tapes to produce the final data tapes. Both AIHL and
NWC sent their final data tapes to the AMC so that the data base could be analyzed
and interpreted as a whole. The AIHL final report has been prepared and approved
by the Research Screening Committee of the ARB (Appel and Wesolowski, 1975).

18
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5.0 PREPARATIONS AND OPERATIONS

This section of the report discusses the selection of the site for the
field measurements, and describes the procedures used for the calibration of
the instruments, the field operations, and the processing of the data.

5.1 SITE SELECTION

The sampling strategy was to locate the two mobile laboratories on
opposite sides of a major freeway so that concentration differences could
be measured. By subtracting the data obtained at the upwind location from
those measured downwind, it was possible to determine the contribution of the
freeway traffic to the observed pollutant concentrations at the downwind
location.

The criteria used in the selection of the site for the field measure-
ments were as follows:

® The wind direction must be approximately perpendicular to the freeway
much of the day.

e The traffic density must be high, so that measurable differences in
pollutant concentrations can be obtained for as many atmospheric com-
ponents as possible.

& Traffic counting equipment must be available.

e The traffic pattern should vary during the sampling period so that
data can be obtained for various engine operating conditions.

e The sites should be relatively free of local traffic, so that emis-
sions from vehicles other than those on the freeway will not appreciably
influence the concentration differences.

® The Tocal area and the region from which the prevailing winds come should
be free of major stationary sources.

e The sampling site should not be at a major cut or fill, and should be
some distance from large buildings or other obstructions.

® The site should offer some measure of security from theft and vandalism.

19
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The sampling site selected was the Veteran's Administration grounds in
West Los Angeles on the San Diego Freeway (Interstate 405), and is shown in
Figure 5.1. This site satisfies all of the above criteria, except that the
freeway is on a fill about 5 m (15 ft) high. There are some trees in the
area, but they were not dense enough to significantly affect the data.

The ARB mobile Taboratory was on the east side of the freeway, which
is the downwind side much of the day, as close to the rdadway as possible.
The sample intake for this laboratory was 6 m (20 ft) above the ground, and
hence was at about the same elevation as the roadway surface. The sample
intake and filter samplers were about 10 m (30 ft) from the near edge of the

freeway pavement. The instrumentation is Tisted in Table 5-1.

The NWC mobile Taboratory was on the east side of the freeway about 60 m
(200 ft) from the edge of the pavement. This distance was chosen to minimize
the impact of the freeway on the NWC data when the winds were generally from
the west, but were Tight and variable. The instrumentation in the NWC mobile
laboratory is listed in Table 5-2.

The San Diego Freeway is one of the most heavily traveled major arterials
connecting the San Fernando Valley population to the north with the Santa
Monica Freeway and the business and industrial facilities in Torrance, ET
Segundo, Culver City, Hawthorne and Long Beach to the south. The diurnal
pattern for vehicular movement on the San Diego freeway is primarily high
density at high speeds during much of the day. During the rush hours, from
about 0730 hour to about 0830 and again from about 1600 hour to about 1730
hour, traffic is particularly congested and speeds are reduced. The local
traffic is heaviest on Wilshire Blvd. to the north, and Santa Monica Blvd.
and Santa Monica freeway to the south. The westerly wind, when established
in the latter part of the sampling day, is quite free of spurious contribu-
tions from local traffic.

Typical wind speed and direction data for this location are shown in
the latter portion of Appendix A. As the onshore breeze develops, the upwind
samnles become characterizeéd by the relatively clean ocean air.

21



Table 5-1

N

INSTRUMENTATION FOR THE ARB MOBILE LABORATCRY

Instrument

Aerosols

Condensation
Nuclei Counter
(CNC)

Optical Particle

Counter (OPC)

Electrical
Mobility
Analyzer (EAA)

High-Volume
Sampler (2)

Integrating
Nephelometer

2-stage hi-vol
sampler

Automatic
Sequential
Sampler

Meteorology
Meteorological
Measurement
System
Thermometers

Spectral
Pyranometer

Ultra-Violet
Radiometer

Humeter

Parameter

Measured

Total Aerosol Number
Concentrations

Aerosol Size Distribu-
tion (0.3 to 5 um
diameter range)
Aerosol Size Distribu-

tion (0.071 to 0.4 um
diameter range)

Total Aerosol Light
Scattering

Respirable Particulates
(=3.5 um diameter)

Total Particulates

Wind Speed and
Direction

Temperature
Total Radiation
Ultra-Violet
Radiation

Relative Humidity
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Manufacturer

Environment/One

Royco

Thermo-Systems,

Inc.

Meteorology Res
Inc.

Rockwell Intern

Meteorology Res
Inc.

Rosemount

Eppley Laboratory,

Inc.

Eppley Laboratory,

Inc.

Phys-Chem Corp.
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Model No.

Rich 100

220

3000

earch, 1550

ational

earch, 1074

412R
2(1154 F3)

2(11692)
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Instrument

Gaseous Pollutants

Chromatograph

NO-NO, Analyzer
(Chemilumines-
cent)

S0» Analyzer
(GC-flame
photometric)

Ozone Analyzer
(Chemilumines-
cent)

Data Acquisition

Computer

Software

N

Table 5-1 (Continued)

SC592.5FR -
Rockwell International

Atomics International Division
Air Monitoring Center

Parameter

Measured Manufacturer Model No.

Total HC, Non-Methane HC, Beckman 6800

CoHg, CpHp, and Carbon

Monoxide

Nitric Oxide Bendix 8101B

Nitrogen Oxides

Sulfur Dioxide Varian 1440

Hydrogen Sulfide

Ozone REM 612
Digital Equipment PDP-8/E
Corporation

Rockwell International
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INSTRUMENTATION FOR THE NAVAL WEAPONS CENTER MOBILE LABORATORY

Instrument
Aerosols
Condensation

Nuclei Counter
(CNC)

Optical Particle

Counter (OPC)

Electrical
Mobility
Analyzer (EAA)

Integrating
Nephelometer

2-stage hi-vol
sampler

Automatic
Sequential
Sampler

Meteorology

Meteorological
Measurement
System

Thermometers
(Mercury)

Parameter

Measured

Total Aerosol

Number Concentration

Aerosol Size Distribu-
tion (0.3 to 5 um

diameter range)

Aerosol Size Distribu-
tion (0.03 to 0.7 um

diameter range)

Total Light
Scattering

Respirablie Particulates

(X 3.5 um diameter)

Total Particuiates

Wind Speed and
Direction

Temperature
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Manufacturer

Environment/One

Royco

Thermo-Systems,
Inc.

Model No.
Rich 100
220
3030

Meteroiogy Research,

Inc.

Rockwell International
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Table 5-2 (Continued) Atomics International Division
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Parameter

Instrument Measured Manufacturer Model No.

Gaseous Pollutants

NO-NOy Analyzer Nitric Oxide REM

(ChemiTumines- Nitrogen Oxides

cent)

Sulfur Gas Sulfur Dioxide Meloy SA 160
Analyzer

Ozone Analyzer 0zone REM 612
(Chemilumines-

cent)

Non-Dispersive Carbon Monoxide Bendix

Infrared Carbon Dioxide

Analyzer

Data Acquisition

Data Logger Metrodata
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5.2 INSTRUMENT CALIBRATION

The analyzers and the filter samplers were calibrated once at the begin-
ning of the study and once at the end. A team from AIHL field calibrated
the trace gas analyzers for both the ARB and the NWC mobile laboratories,
as described below. The 47 mm filter collection system in the ARB trailer
was calibrated by AIHL at the Science Center by measuring the pressure dif-
ferential across an orifice. The "Q" sequential samplers were calibrated by the
AMC using a dry test meter. The respirable hi-vol samplers were calibrated
by AIHL at the Science Center with a hot-wire anemometer referenced to a
standard orifice at AIHL.

The AMC calibrated the optical particle counters (OPC) and associated
muiti-channel analyzers (MCA) for both the ARB and the NWC mobile laboratories.
The operators of these instruments made zero adjustments during the field pro-
gram as required. The calibrations were performed using dioctylphthalate drops
of known size from the Berglund-Liu vibrating orifice aerosol generator
(Berglund and Liu, 1973), and by using polystyrene latex beads of known
size. The data from each channel of the 250 channel MCA in the ARB labor-
atory and the 128 MCA in the NWC laboratory were recorded in the field. During
the data analysis, the data were combined into four diameter size ranges centered
about the latex bead or DOP droplet diameters.

The factory calibrations for the electrical aerosol analyzers (EAA) were
used. The Model 3030 EAA in the NWC mobile laboratory was operated in the

6

standard manner for charging conditions of Nt = 7 x 10 (1ons/cm3)(sec)

(Liu and Pui, 1975).

The condensation nuclei counters were calibrated by NWC and AMC personnel
by comparison with the EAA. However, the CNC has a sensitivity to particles
as small as 0.003 um, while the Tower size limit of the EAA is about 0.03 pm.
Therefore, a Teflon bag was used to age a freeway aerosol sample sufficiently
to coagulate the very fine nuclei mode aerosols, so that the size distribution
of the aerosol in the bag fell within the range of both instruments. Under
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these circumstances, the CNC can be calibrated by adjusting it to give the
same readings as the EAA (Liu and Pui, 1974).

The CNC diluters were calibrated in a similar manner. These diluters,
made from commercially available in-line filters, were required for the CNC
due to the extremely high number density of nuclei mode aerosol near the
freeway. A series of six diluters with varying dilution efficiencies were
built and used. The diluters were calibrated by comparing the CNC readings
with and without the diluter when sampling from a bag of aerosol prepared as
described above.

Factory calibrations were used for all meteorological instrumentation.
The trace gas analyzers were calibrated by the AIHL team. For the hydrocarbon/
carbon monoxide analyzer, a cylinder of mixed methane, carbon monoxide, ethylene
and acetylene in nitrogen was used as standard. For the sulfur analyzers, a
sulfur dioxide permeation tube was used as reference. Since the mixed hydro-
carbon/CO calibration gas and the permeation sources were carried on the ARB
trailer, daily calibrations were performed for these two analyzers. The calibra-
tion gas and the permeation tube were verified at AIHL by comparison to a known
standard and by observing the weight-loss rate as the permeation rate.

The oxides of nitrogen analyzers were calibrated by the AIHL team using a
cylinder of nitric oxide in nitrogen as a transfer standard. The N02/N0x
channels were calibrated by the A5203 conversion of NO to N02.

The ozone analyzers were calibrated by the standard iodine titration
technique. A regulated stream of ozone from an ozone generator was first
introduced to the ozone analyzers and then to a bubbler of buffered KI solution.

5.3 OPERATIONS

The actual sampling took place during four weeks in late summer just prior
to the introduction of the catalyst equipped 1975 model cars. From August 14
through September 5, 1974, fourteen hours of data were collected each day,
three days per week for a total of twelve sampling episodes. During each
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episode, team members from each of the three laboratories were generally
divided into two shifts. A typical episode on the ARB trailer began at

0500 hour with the arrival of the morning shift to prepare the instruments

for the day's run. A1l the analyzers underwent a zero adjustment. In addition,
the Beckman hydrocarbon analyzer was calibrated with the on-board cylinder of
calibration gas and the Varian sulfur analyzer was calibrated with a permeation
tube. A new magnetic tape was loaded and the computer data acquisition system
set to a stand-by condition. After the filters were loaded into the respir-
able high-volume samplers and the 47 mm filter holders, the data run was ready
to begin at 0600 hours.

Most instruments were interfaced with the computer data acquisition
system. Analog signals from each instrument were sampled at twenty second
intervals, averaged, and stored on magnetic tape (DECtape) every ten minutes.
The filter samplers were manually changed every two hours. The laboratory
operators continuously monitored the operation of all analyzers. Also, manual
relative humidity readings were taken with the sling psychrometer at about
every half hour as a verification and calibration of the electronic humidity
sensor.

At 1300 hour, the afternoon shift began and the sampling day continued
until 2000 hours, when the episode was terminated. The following hour was
spent securing the mobile laboratories for the next episode. This sampling
procedure was repeated three times a week for four weeks.

The first and the last day of each week was used to calibrate instruments,
perform minor instrument maintenance and to replenish consumables used up
during the week. Since the AIHL and NWC team members were traveling long
distances between home and West Los Angeles, these two days also provided
some vrelief from the intensive schedule. Table 5-3 lists the sampling episodes
by date and their identification codes.
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Table 5-3
IDENTIFICATION CODES FOR THE DATA

Code for NWC Code for ARB

Sampling Mobile Data Mobile Data

Day Date 1974 (west side) (east side)
1 August 14 NA 0A
2 August 20 NB 0B
3 August 21 NC 0C
4 August 22 ND oD
5 August 23 NE OE
6 August 27 NF OF
7 August 28 NG 0G
8 August 29 NH OH
9 August 30 NI 01
10 September 3 NJ 0J
11 September 4 NK 0K
12 September 5 NL oL

5.4 DATA PROCESSING

Data collected by AMC, NWC and AIHL were independently processed and
reduced to three tapes. These separate tapes were then delivered to the AMC
for further processing and analysis. Figure 5-2 shows a schematic flow diagram
of the data processing steps. The filter chemistry data from AIHL were in
the form of computer cards and an industry standard 7-track magnetic data tape.

Two data loggers were used by NWC in collecting all of the aerometric
data except for those from the optical particle counter. The MCA output was
punched on a teletype paper tape. Cassette tapes from the Metrodata and Gould
data loggers were sent out to be copied onto industry compatible 7-track mag-
netic data tapes. These tapes were combined, verified, and corrected on the
UNIVAC computer at the NWC facility before delivery to the AMC for analysis.
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AMC Data NWe Data ATHL Data
Level 1 DECtape Metrodata | Gould
6’ Cassette Cassette (//Data Cards
Level II DECtape 4, ,&,
'& Recorder Recorder
PDP-8 Disk
PDP-8 Disk Printouts
9-Track
Tape

NWC  AIHL
Data Data

PDP-11
I Multiple
Disks
Plots Printouts
<::> = Data Analysis
9-Track
Tape

Figure 5-2. Fiow Diagram of the Data Processing Steps
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On the ARB/ACHEX mobile Taboratory, all air chemistry data and particle
size distribution information were continuously recorded on DECtapes (Digital
Equipment Corporation), except for the sling psychrometer readings and the
Varian sulfur dioxide data on strip charts. The DECtapes were brought back
for verification and processing. Corrections, deletions and additions of man-
ually recorded data were incorporated on the Digital Equipment computers at
the Rockwell AMC facility.

An industry compatible 9-track magnetic tape was then generated, ready
for further analysis. It was at this point fhat data from all three labor-
atories were compared and combined into merged files. The final "deliverables"
consist of three sets of data tapes representing the data bases generated by
the respective laboratories, and two merged files of one- and two-hourly
averaged data. The formats for the data tapes are described in Appendix A
of this report.
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6.0 DISCUSSION OF THE GAS CONCENTRATION DATA

Data were obtained on both sides of the freeway for the concentrations of
carbon monoxide, ozone, nitric oxide, nitrogen dioxide, and sulfur dioxide.
In addition, carbon dioxide was measured on the west side of the freeway, and
on the east side of the freeway gas chromatographic measurements were made of
total hydrocarbons, methane, ethylene, and acetylene. The instruments used for
these measurements are listed in Tables 5-1 and 5-2, and it should be noted
that the same measurement technique was used on opposite sides of the freeway
only for ozone and the nitrogen oxides. The data for each of these gases are
discussed below.

6.1 O0ZONE

Ozone is the only gas which was measured by the same instrument on both sides
of the freeway. Also, ozone is the only pollutant whose concentration consis-
tently decreased between the upwind and downwind side of the freeway. This de-
crease was caused by the rapid reaction between the ozone and the NO emitted by
the freeway traffic. On the average, the ozone concentration decreased by
0.03 ppm across the freeway during the afternoon when the sea breeze was well
established.

6.2 NITROGEN OXIDES

The chemiluminescent monitors for the nitrogen oxides directly measure
the concentrations of NO and of NOX, which is the sum of the concentrations of
NO and NOZ' The NO, concentration is determined from the difference between
the readings. These measurements are susceptible to interferences from other
nitrogen containing gases (Winer, Peters, Smith and Pitts, 1974). In the after-
noon, the average increase in the concentrations of nitrogen oxides across the
freeway was 0.15 ppm for NO and 0.08 ppm for N02. If the reaction with ozone
did not take piace, the NO increase would be larger and the NO2 increase would
be smaller by the amount of ozone consumed, which was 0.03 ppm on the average.
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The average difference in the NOX concentration across the freeway was
0.23 ppm, and of course, this difference is not affected by the reaction with
ozone. Of all the concentration differences due to the freeway traffic, the
NOx difference was the one which was best measured. In part, this was due to
the fact that the difference was usually larger than the background concentra-
tions. In addition, this was due to the fact that the data were recorded essen-
tially continuously on instruments on opposite sides of the freeway which used
the same measurement method. The two-hour average lead data from the filters
was the next best indicator of the contribution of the freeway traffic to the
measured concentration differences.

6.3 CONCENTRATION NORMALIZATION

Many factors can influence the measured concentration differences across
the freeway. These include the emission rates, the meteorological conditions,
and the location of the measurement sites. To remove the effect of the meteoro-
logical conditions as much as possible, the observed two-hour average concen-
tration differences for each pollutant were divided by the average NOX concentra-
tion difference for the same time period. To some degree, the variations in the
traffic density would also be removed by this normalization. These normalized
differences are primarily a measure of the ratio of the rate of emission of each
pollutant to the rate of emission of nitrogen oxides per unit length of highway.
A knowledge of the emission factor for nitrogen oxides then permits the calcula-
tion of the emission factor for any other pollutant for which the normalized
differences have heen measured.

Several other pollutants were considered when selecting NOx as the one
against which all others would be compared. Carbon monoxide was eliminated
from consideration because different measurement techniques were used on opposite
sides of the freeway, and one of the techniques was subject to considerable
statistical variation. In addition, the CO difference divided by the upwind
CO concentration was not as large as was the NOX difference divided by the up-
wind NO concentration.
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The lead differences were also considered for use in the normalization,
and could have been used about as well as the NOX difference. One dis-
advantage of the lead data is that only two-hour average information was
available. Examination of the lead differences normalized by the NOX dif-
ferences in Appendix B shows some variation in the relative values of these
quantities, but in general they followed each other quite well.

6.4 CARBON MONOXIDE

As mentioned above, the quality of the CO data was impaired by the use of
two different instruments. In addition, the data in the ARB mobile laboratory,
which was usually on the downwind side, were taken by a Beckman 6800 gas chroma-
tograph, and showed considerable statistical fluctuation. This fluctuation is
beiieved to have arisen from the sampling procedure. The air from the sampling
manifold was drawn directly through the sampling loop of the chromatograph, so
that instantaneous values of the CO concentration were measured. Because of
the atmospheric turbulence, the air entering the sampling manifold almost
certainly contained widely fluctuating amounts of automobile exhaust, which
would explain the observed fluctuations in the chromatographic readings.

Because the chromatograph obtains only 12 points per hour, few enough points

are included in the one and two hour averages to adequately remove these statis-
tical fluctuations. As a result, it is believed that CO data from other studies
are more useful than those from this program. Better CO data would have been
very useful, because a great deal of information on CO emission factors is
available.

The average difference in CO concentrations for all data taken after
12C0 hr, when the sea breeze is well developed, is 2.8 ppm. Because of the
fluctuations in the CO data, the normalized differences ACO,’ANOx varied from
-3.64 to 48.5. The average value for the normalized difference for all data
taken after 1200 hrs was 14.
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6.5 SULFUR DIOXIDE

The sulfur dioxide instrument in the NWC mobile laboratory apparently mal-
functioned or was miscalibrated for the first seven episode days, because the
data were about a factor of ten larger than expected, and ranged up to 3 ppm.
Thus, reasonable 502 difference data are available only for the last five days,
which have codes H through L. In this case also, the data are affected by the
use of different instruments on opposite sides of the freeway.

The 35 two-hour average differences for SO2 do not show a good correla-
tion with the NOX differences. The ratio NOX/SO2 contains seven negative
values, and varies from -1.07 to 0.86. The average sulfur dioxide concentra-
tion difference across the freeway is 7 ppb. In no case out of five two-hour
averages was the sulfur dioxide concentration higher at the west side of the
highway when that side was downwind. Therefore, the sulfur dioxide data are
best characterized by saying that the differences were below the limit of detec-
tion.

6.6 HYDROCARBONS

Data for hydrocarbon concentrations were obtained only at the ARB mobile
laboratory with the Beckman 6800 Air Quality Chromatograph, and include data
for total hydrocarbons, methane, ethylene, and acetylene. The background
hydrocarbon concentration was quite high, with total hydrocarbon concentra-
tions, expressed as CH4, normally ranging between 2 and 4 ppm. The methane
concentrations were also quite high, averaging about 55% of the total hydrocarbon
concentration. The variation in the background hydrocarbon concentrations makes
it unreliable to attempt to use the early morning wind direction reversals to
assess the traffic contribution to the hydrocarbon concentrations.

The same situation exists for the CO2 data, which was obtained only at

the NWC mobile laboratory. The CO2 background concentrations were normally
between 300 and 400 ppm.
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6.7 DIURNAL PROFILES OF CONCENTRATIONS

One feature of the measured concentration differences for both gaseous
and particulate species which stands out in all data is that the differences go
through a minimum during the two-hour period beginning at 1600 hr. This
sampling period includes the height of the evening rush hour. However, the
explanation of this observation is that the wind speed typically is at a maximum
during this sampling period. Therefore, the dilution of the emissions by
advection is at a maximum at this time, and this dilution overshadows any
emissions increases which result from the increased traffic density during the
rush hour.

One exception to this general result is the CO concentration. Carbon
monoxide emissions go up sharply as the vehicle speed is reduced. As a result,
the increased CO emissions due to the reduced vehicle speed and the increased
traffic density outweigh the dilution caused by the higher wind speeds.
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7.0 DISCUSSION OF THE FILTER CHEMISTRY DATA

Two-hour filter samples were collected by both total particu]éte and
respirable particulate samplers on both sides of the freeway. On the west
side of the freeway, the total particulate samples were collected with an
automatic sequential sampler (coded "Q") which used a 47 mm diameter membrane
filter. At the ARB mobile laboratory on the east side, the 47 mm diameter total
filters were coded "TF" and were changed manually. The sampling system which
was part of the ARB laboratory was used rather than a second automatic sequential
sampler because the manually operated unit was considered more reliable. On
sampling day H (29 August 1974), a second automatic sequential samp]ef was oper-
ated on the roof of the ARB mobile laboratory to compare data from the TF and Q
units, and to provide replication so that the sampling error could be estimated.
Both the TF and Q samplers collect particulates smaller than about 20 um. The
filters were analyzed for mass (TSP), sulfate, and by x-ray fluorescence for As, Br,
Ca, Cr, Cu, Fe, Ga, Hg, K, Mn, Ni, Pb, Rb, S, Se, Sr, Ti, V, and Zn.

In addition, identical hi-vol samplers with cyclones were operated on each
side of the freeway to collect filter samples of the particulates smaller than
about 3.5 um. The medium used in these samplers was Whatman 41 paper filters.
They were analyzed by wet chemical methods for sulfate, nitrate, and ammonium.
A1l analytical methods are described in the Final Report by AIHL (Appel and
Wesolowski, 1976.).

7.1 FILTER FLOW CALIBRATIONS

It is believed that there are significant uncertainties in the calibration
of the flow rates of the filter samplers. As a result, concentration differ-
ences which are small compared to the upwind concentrations can not be reliably
determined from the data. However, the aerosol constituents, such as lead and
bromine, which are emitted in significant amounts by the freeway traffic, show
increases which are greater than the background values. In these cases, the
emissions by the traffic can be determined.
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One reason for believing that there are uncertainties in the calibration
of the flow rates is that the data obtained on day H from the automatic se-
quential sampler on the roof of the ARB Taboratory do not agree with the
data collected at the same time by the TF unit at this location. This com-
parison is described on pages 41 through 43 of the AIHL Final Report (&ppel
and Wesolowski, 1975). The sulfate concentrations determined by wet chemistry
are, on the average, 20% higher for the Q samples than the TF samples, and the
sulfur concentrations determined by XRF are, on the average, 14% higher for the
Q samples. These differences between the two samplers on the same side of the
freeway are large compared to the sulfate or sulfur differences observed between
the samples from opposite sides of the freeway.

The other reasons for questioning the flow rate calibrations come from the
data themselves. The analysis of the data for the purpose of providing informa-
tion about the flow rate calibrations is presented in the immediately following
sections.

7.2 OVERVIEW OF THE FILTER CHEMISTRY DATA

Before examining the filter chemistry data for the separate chemical species,
it is useful to look at the data as a whole to see what patterns can be found in
them. In particular, it is useful to consider groups of elements having a common
origin and to compare their observed concentration differences with the wind direc-
tion. If errors in flow rate calibration exist, these should infiuence the
apparent concentration of all species on a given filter in the same way, and
hence should produce discernable patterns in the data. For example, some species
are emitted by the freeway traffic in significant amounts, hence the concentra-
tion differences for these compounds should be sensitive to the direction of the
wind in relation to the highway. Other compounds are only negligibly influenced
by the traffic, so concentration differences for them should be insensitive to
the wind direction, but should depend critically on the flow rate calibrations.
Once the properties of the data for these classes of compounds have been deter-
mined, the data for individual species can be interpreted with more confidence.
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To aid in the interpretation of the data, the concentration difference

across the freeway was calculated for each species for each filter pair, and
these data are tabulated in Appendix B. These concentration differences were
also normalized by dividing them by the NOyx concentration differences, as
described in Section 6.3 The normalized concentration differences are also
given in Appendix B. Any species which is emitted by the traffic at a rate
which is proportional to the NO, emission rate should have a normalized con-
centration difference which is constant, regardless of the traffic count and
wind direction and velocity.

7.2.1 Total Filter Data

The total filters were analyzed for 20 species and elements plus the aerosol
mass. Of these 20, the following eight elements were usually below the Timit
of detection: As, Cr, Ga, Hg, Rb, Se, Sr, and V. In addition, the following
elements were below the Timit of detection in the indicated fraction of the
filter pairs: Cu, 20%; Mn, 10%; and Ti, 47%. The remaining nine species and
the aerosol mass were measurable on essentially all of the filter pairs.

As the first step in checking the filter flow calibrations, the algebraic
signs for the concentration differences were examined. The collection of seven
filters a day for a total of 12 days resulted in 84 filters. For 17 of these
of these collections times (all before noon), the average NOy concentration was
higher at the NWC laboratory, indicating that the wind blew predominantly from
the east. Since the concentration differences were always calculated as the
NWC concentration minus'the ARB Tlaboratory concentration, the .concentration
differences at these times for species which are importantly emitted by, or
stirred up by, the traffic should be negative. At other times, the concentration
of differences for these species should be positive. Lead is an example of an
element whose concentration differences follow this pattern exactly, so that the
normalized lead concentration differences are always positive.

For other species which are not emitted by the traffic in significant
amounts compared to the ambient concentrations, it would be expected that the
concentration differences would be positive if errors in the flow rate calibrations
cause the concentration data from the ARB mobile laboratory to be too high, and
the differences would be negative if the NWC readings were too high.
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Table 7-1

A COMPARISON BETWEEN THE SIGN OF THE CONCENTRATION DIFFERENCES FOR EACH SPECIES
AND THE AVERAGE WIND DIRECTION DETERMINED FROM THE SIGN OF THE NOy CONCENTRATION
DIFFERENCE

Number of Negative Concentration Differences

Wind from the East Wind from the West
(NOx Difference (NOy Difference
Species Negative) Positive)
Total Number of Differences 17 67
Continuous Monitor Data
CNC 10(6)* 19(10)
03 3 56
NO 17 3
co 14 4
S0» 0(12) 3(36)
Total Particulate Sampler
Mass 8 2
Br 17 0
Ca 2 0
Cu 7 25
Fe 1 0
K 1 11
Mn 0(1) 11
Ni 8 5
Pb 17 0
S 3 36
507 4 44
n 11 0
Respirable Particulate Sampler
NHgq 3 7
NO3 1 i3
S04 2 2
Sample Patterns
Auto Emissions 17 0
ARB Mobile Data High 0 0
NWC Mobile Data High 17 67
Random Signs 8.5 33.5

*Numbers in parentheses give the number of missing data points.
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Table 7-1 gives the sign of the concentration differences for each species
as a function of wind direction. As an aid in the interpretation of the data
the results to be expected for species heavily influenced by automobile traffic,
species uninfluenced by automobile traffic with one or the other sampling rate
higher than calibration, or the result to be expected for a random distribution
of differences are presented. It can be seen that the data for calcium
and iron are nearly consistent with the hypothesis that these elments are
not emitted by the traffic and that the filter flow rate at the ARB Tlaboratory
is higher than given by the calibration (or the flow rate at the NWC laboratory
is lower). Potassium and manganese are almost as consistent with this hypo-
thesis. All of these elements are important components of soil dust.

The algebraic signs of the lead and bromine concentration differences
are completely consistent with the hypothesis that they are emitted by the
traffic. Thus, lead or bromine could have been used as the tracer species
instead of NOX in this part of the analysis without changing the results. It
appears that zinc arises both from the background and the traffic. When the
wind was blowing from the west so that the N0X differences were positive, both
the sampling imbalance and traffic emissions would tend to cause positive
zinc concentration differences, and the observed difference was positive in all
67 cases. However, when the wind was in the other direction, the sign of the
zinc concentration difference was dominated by the auto traffic in 11 out of
17 cases, and by the sampling difference in the other six cases.

Except for sulfur and sulfate, to be discussed later, none of the 21
analytical results suggest that the filter sampling rate at the NWC mobile
laboratory might be relatively too high. Instead, the results are consistent
with the cumulative effects of a higher sampling rate at the ARB mobile labor-
atory and the emissicn or stirring up of a number of the species by the freeway
traffic.

It should be possible to estimate the magnitude of the sampling
error from the data for the elements which are apparently not influenced
by the traffic and the wind direction. Because average differences for the
afternoon are available in Appendix B, data for that time period were used 1in
this estimation. Table 7-2 shows the observed difference divided by the con-
centration at the (downwind) ARB mobile laboratory for the elements Ca and Fe
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Table 7-2

ESTIMATION OF SAMPLING IMBALANCE FROM THE
CALCIUM AND IRON DATA

Day Afternoon AB%&%AMX
Ca Fe

A 0.66 0.66
B 0.37 0.46
C 0.59 0.61
D 0.71 0.74
E 0.69 0.66
F 0.41 0.40
G 0.41 0.40
H 0.45 0.41
I 0.56 0.61
J 0.58 0.74
K 0.44 0.60
L 0.40 0.50

Mean 0.52 0.56

Std. Dev. 0.12 0.13

Note: The data in the table give the concentration differ-
ence from Appendix B divided by the concentration
observed at the ARB mobile Tlaboratory.

for each day. It can be seen that the imbalance for the two elements is closely
correlated. The overall average value for the concentration difference divided
by ARB concentration is about 0.54. Therefore, the overall average for the Navy
concetration divided by the ARB concentration is 0.46. In other words, the
average Fe and Ca concentration observed at the Navy mobile laboratory was less
than half that observed at the ARB mobile laboratory. This is an unreasonably
large difference to be ascribed to flow calibration uncertainties.

The data in Table 7-3 provide a reasonably good clue as to some of the
sources of these discrepancies. On Day H, 29 August 1974, a "Q" total particulate
sampler like that at the NWC mobile Tlaboratory was operated on the roof of the
ARB mobile laboratory beside the intake of the "TF" sampler. Data from those two

samplers for Ca, Fe, Pb, S, and SO4 are compared in the table. The sulfur and
sulfate data were compared on pp. 41 and 42 of the AIHL report, and it was con-
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cluded that a difference in flow calibration for the two samplers is the

likely cause of disagreement. However, it will be noticed in Table 7-3 that

the lead, sulfur, and sulfate values are higher in the data frem the "Q"

sampler, and the calcium and iron data are higher in the data from the "TF"

sampler. The only exceptions are the iron data at 1400-1600 hr, and the

sulfur and sulfate data at 1800-2000 hr.

In part, it is believed that these observations can be accounted for by
differences in the large particle cut-off of the "TF" and "Q" samplers. The
inlet tube of the "TF" sampler is 3 to 4 in diameter, and the inlet tube of the
“Q" sampler is about 1 in diameter, so it is reasonable to expect that the "Q"
sampler would see fewer very large particles. Calcium and iron are primarly
due to soil dust, and are known to occur primarily in the large particle size
mode. Therefore, the smaller concentrations measured by the "Q" sampler for
these elements can reasonably be ascribed to the differing inlet efficiencies
of the "TF" and "Q" samplers.

On the other hand, sulfur, sulfate, and most of the lead is known to be
contained in particles small enough that the measured concentrations are not
easily distortedby the geometry of the sample flow at the inlet. Therefore,
it is also reasonable to presume that calibration errors in the flow rates for
the two samplers combine to make the "Q" sampler appear to have about a 20% higher
collection efficiency for small particles.

In summary, these data demonstrate that the total particulate samplers
used on opposite sides of the freeway had different sampling efficiencies for
large particles, and there are significant uncertainties in the sample flow
rate calibrations. Therefore, the data for concentration differences deter-
mined from filter samples must be used with considerable caution.

7.2.2 Respirable Particulate Data

At the same time the total particulate filter samples were being collected,
samples were being collected by a hi-vol with a cyclone to remove the particulates
larger than about 3.5 um, so that only the respirable particulates were collected
on the Whatman 41 filter paper. These filters were analyzed for sulfate,
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nitrate, and ammonium. Based oﬁ the tabulations of the algebraic signs in

Table 7-1, it seems that the data are best interpreted in terms of the hypothesis

that none of these species are importantly affected by the freeway emissions,

and that any imbalance in the filter flow favored the collection of larger

samples than expected at the ARB mobile laboratory. None of the data correlate

with the wind direction in such a way as to indicate that the freeway emissions

had an important impact on the data.

No attempt has been made in this report to combine the respirable filter
data with the total filter data to estimate the fraction of the sulfate in the
size range below 3.5 um. The reason is that the Whatman 41 filter papers
used in the respirable samplers have an appreciably lower collection efficiency
than the membrane filters used in the total particulate samplers, so that com-
parisons of this kind are not easily made.

7.3 SULFUR AND SULFATE

The data obtained from the total filters for elemental sulfur (by XRF)
and sulfate (by the AIHL microchemical method) stand out in Table 7-1 as being
different from the rest. If anything, the algebraic signs of the differences
are most consistent with a sulfur and sulfate decrease across the freeway,
similar to that observed for ozone. Since it has not been possible to set forth
a reasonable mechanism by which such a process could actually occur on the freeway,
it is suggested that the presence of an analytical interference should also
be considered. For example, if lead or bromine were to interfere with these
determinations in a negative sense, this would provide an explanation of the
observation. However, the signs of the sulfur and sulfate data given in Table
/-1 are sufficiently close to a random distribution that it would be difficult
to use these data to prove that an analytical interference exists. The way
the sulfur and sulfate data shift with the wind shift is only suggestive. None
of the data from the other species determined on the total particulate filters
support the possibility that the sulfur and sulfate differences are due to
errors in the flow rate calibrations. However, none of the species measured
are known to be both in the fine particle size range and unaffected by a major
freeway.
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7.4 LEAD AND BROMINE

Lead is the component of the aerosol whose concentration difference
resulting from the traffic was most reliably measured. After 1200 hrs, when
the wind was consistently from the west, the average lead concentration dif-
ference was 6.6 ug/m3. In general, the upwind lead concentrations were at or
near 1ug/m3, so the differences were generally large compared to the back-
ground levels.

The lead emissions are due to the use of tetraethyl lead in gasoline to
increase its octane rating. In general, regular gasoline contains 1.5 gm/qgal
and the premium grades contain 2.5 gm/gal. To minimize engine fouling by this
lead, organic halogen-containing compounds are added to the gasoline. In this
study, Br was included in the analyses, and an average increase of 2.6 ug/m3
in bromine concentration was found in the data taken after 1200 hrs. Daily
averages for the data taken after 1200 hrs are given in Table 7-4 for the
normalized lead concentration differences, and for the ratio of the bromine and
lead differences. The latter ratio is given on a mole basis, and it can be
seen that very nearly one mole of bromine is contributed to the aerosol for
each mole of lead. Lead chlorobromide is a compound present in automobile
exhaust, and it contains a 1:1 mole ratio for lead and bromine just as observed
in the concentration differences in this study. In contrast, it was found in
the aerosol at the upwind side of the freeway that the average ratio of bromine
to lead on a mole basis was 0.6.

The daily average normalized Tead concentrations in Table 7-4 are quite
consistent throughout the study, and have an average value of 6.58 ug/m3 Pb
per ppm NOx. The standard deviation of daily averages of this ratio about this
mean is less than 8% of the mean.

7.5 REDUCED SULFUR SPECIES

X-ray photoelectron spectroscopy (XPS or ESCA) was used to obtain a second
value for the amount of sulfur contained in the total particulate samples. The
XRF values were typically higher than the wet chemical sulfate analyses for
both the up and downwind samples. The average ratio of wet chemical sulfur
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Table 7-4

RATIOS OF THE AVERAGE CONCENTRATION DIFFERENCES FOR THE
1200 TO 1800 HOUR PERIOD FOR BROMINE AND LEAD AND FOR LEAD AND NOy

Day. B (3078) o (ug/m,
. A 0.96 6.5
5 B 1.16 5.6
N c 1.04 6.2
! D 0.85 7.3
‘ E 0.91 7.1
1 F 1.16 6.5
' 6 1.09 6.9
1 H 0.97 6.4
: I 1.07 7.0
- J 1.04 7.1
! K 1.04 6.2
L 0.98 6.1
. Mean 1.02 6.58
Std. Dev. 0.09 0.51

k to XRF sulfur for the NWC mobile laboratory was found to be 85.5%. For the

ARB mobile laboratory wet chemical sulfur to XRF sulfur ratio was found to be
57 79.2%. The difference of +6.3% between the upwind and downwind ratios suggests
the possibility that a small amount of non-sulfate particulate sulfur could be

: associated with vehicular traffic. The AIHL data analysis indicates that the
contribution of non-sulfate sulfur species typically increased by 0.3 ug/m3
. across the freeway (Appel and Wesolowski, 1975).

The possibility that the traffic was contributing a small amount of
reduced sulfur to the total particulate samplers was investigated by XPS. A
portion of each up and downwind total particulate sample collected during epi-
sode D was subjected to XPS analysis. Episode D was selected since this day
j had a sea breeze blowing across the freeway for the entire sampling episode.
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A comparison of the wet chemical sulfate and x-ray fluorescence analyses for
the two-hour samples collected after 1200 hrs during episode D showed the XRF
analysis sulfur to be an average of 10% larger per sample at the NWC mobile
laboratory, and 15% larger per sample at the ARB mobile laboratory. This
corresponds to an average increase of about 0.5 xg/m3 of particulate sulfur
which could be attributed to freeway traffic.

The XPS spectra of the sulfur on the surface of the particulate samples
showed that indeed the downwind particles did contain a small amount of reduced
sulfur. As shown in the example in Figure 7-1, there was a major sulfur peak
at 169 eV characteristic of SOZ and a small broad reduced sulfur peak at 164-

165 eV corresponding to a mixture of surface sulfides and elemental sulfur.

The upwind samples from the NWS mobile laboratory did not show any measurable
reduced sulfur as shown in Figure 7-2. A semi-quantitative number for the amount
of sulfur present on the surface of the particles can be obtained by taking

the ratio of the reduced sulfur peak intensity to that of the SOZ electron

peak. The values for the ratio of 504 to total sulfur found by this technique
are recorded in Table 7-5 along with the observed ratios of the wet chemical
sulfur values to those from the XRF total sulfur analyses. The sulfur values
determined by the XPS technique are quantitative only insofar as the surface

of the particles represent the bulk properties of the sample. Since the

samples analyzed in this study were a combination of background material and
freeway generated particles, the surfaces were not necessarily representative

of the bulk, hence the XPS sulfur values can only be treated as semi-quantitative

in this instance.

As can be seen in Table 7-5, the XPS data show about 8% of the downwind
sulfur to be in the reduced form. Unfortunately, the size of the experimental
errors involved in these sampling techniques are large enough that no valid
guantitative value can be placed upon the amount of reduced sulfur actually
added to the total sulfur content of the particles by the freeway traffic. However
the XPS data do confirm that reduced sulfur is contributed by the traffic, with the
combination of all data from the three analysis techniques indicating that this con-
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Table 7-5

COMPARISON OF WET CHEMICAL, X-RAY FLUORESCENCE,
AND X-RAY PHOTOELECTRON ANALYSES OF TOTAL FILTER SAMPLES FOR DAY D

[ -

[R=

Wet Chemical SO; as S S04
XRF S XPS 3
_ total
Nominal NWC Mobile ARB Mobile  NWC Mobile ARB Mobile
Sampling Time (west side) (east side) (west side) (east side)
600 0.92 0.91 1.0 0.93
800 0.98 0.92 1.0 0.93
1000 0.90 0.92 1.0 0.91
1200 0.94 0.84 1.0 0.90
1400 0.79 0.88 1.0 0.94
1600 0.98 0.81 1.0 0.91
1800 0.90 0.87 1.0 0.92
Overall Average 0.92 0.88 1.0 0.92
Average After
1200 Hr 0.90 0.85 1.0 0.92
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tribution is < 0.3 /ug/m3 of sulfur on the average.

The probable formation mechanism for the reduced sulfur species is the
surface reduction of SO to a surface sulfide on soot particles in the vehicle
exhaust. This mechanism has been demonstrated by Novakov, Chang, and Harker
(1974) through the adsorption of SO» on graphite particles.

7.6 REDUCED NITROGEN SPECIES

The XPS analysis of the total particulate samples collected during episode
D also included a determination of the chemical states of nitrogen present on
the surface of the samples. A XPS spectrum for the nitrogen 1s electron region
is shown in Figure 7-3 for the downwind ARB trailer sample between 0800 and
1000 hours. This spectrum shows nitrogen to be present in three forms. The
three nitrogen peaks were identified using the assignments of Chang and Novakov
(1975) which indicate that the peak at 407 eV belongs to NO%, the peak at 402 eV
to NHX, and the peak at 400 eV to a reduced nitrogen species similar to an

amine or an amide (NX).

An assessment of the freeway contribution to the Ny species at 400 eV
can be made on the basis of these data; however, the XPS analyses are not valid
in this case for the nitrate or ammonium forms of nitrogen. The nitrate data are
not valid because of a nitrate impurity in the Gelman GA-1 filter membranes,
which interferes with the analysis. In the case of ammonium, it has been shown
by Chang and Novakov that surface ammonium in ambient particulates is volatile
at room temperature in the vacuum of the XPS spectrometer. Hence, the XPS
spectrum only shows that fraction of the surface ammonium which is present in
a non-volatile form and, consequently, gives a consistently low value for
ammonium content when compared with set chemical analyses.

The overlapping NHZ and NX 1s electron peaks were deconvoluted to obtain
the relative contribution of each to the total peak area based upon the known
peak shapes and locations. Approximate Ny concentrations were then calculated
by taking the ratio of the Ny peak amplitude to that of the Pb 4d electron and
normalizing for relative sensitivities and the concentrations of Pb observed
by the XRF analyses. These data are listed in Table 7-6.
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Table 7-6

AMINE- OR AMIDE-LIKE REDUCED NITROGEN OBSERVED BY
XPS ANALYSES ON THE TOTAL PARTICLE SAMPLES
COLLECTED DURING DAY D

Ny eg/m3 Relative to XRF Pb Analyses Ny
Nominal NWC Mobile ARB Mobile Concentration
Sampling Time (west side) (east side) Difference
0600-0800 0.6 1.1 0.5
0800-1000 1.2 1.3 0.1
1000-1200 0.2 1.1 0.9
1200-1400 0.7 1.0 0.3
1400-1600 0.4 0.9 0.5
1600-1800 0.2 0.6 0.4
1800-2000 0.4 0.6 0.2
Average 0.53 0.94 0.41
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The results show a consistent increase in the concentration of the Nx
species across the freeway for the entire episode, which is in agreement with
the behavior of the tracer species NOy and Pb. Though the magnitude of the
average concentration change is small (< 0.5 ug/m3) the relative enhancement
of the Ny species is quite large, with the average change across the freeway
being about 80% of the upwind value. This indicates that the amine or amide-
Tike reduced nitrogen species is indeed traffic related as suggested by Chang
and Novakov (1975) who proposed that this species is formed as a primary pol-
Tutant from combustion through the surface reactions of NO and NH3 with hot
soot particles.

7.7 MANGANESE

At the time these data were taken, manganese was not a common additive
to motor fuel, but the atmospheric manganese concentrations were almost always

above the Timit of detection. Therefore, in this case, the data bank does serve

its intended purpose of providing baseline concentration data before the advent
of emission changes due to new emission control measures.

The overall average concentration difference for manganese during the
afternoon is 0.008 pg/m3, or about 1/100 the difference for iron. This ratio
1s comparable to that for the composition of the earth's crust, so it is rea-
sonable to presume that the Fe and Mn come from similar sources. Therefore,
a very low upper Timit can be put on the manganese emissions by freeway traf-
fic in September of 1974.

7.8 CHEMICAL COMPOSITION OF THE MASS DIFFERENCE

This section combines the data in the previous sections to obtain an
estimate of the fraction of the observed particulate mass difference which
can be accounted for by the species whose concentrations were determined. This
analysis is based on data collected only after noon, because in the afternoon

the wind blew uniformly from the west, so the particulate mass is most easily
determined during this time.
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The overall average mass increase during the afternoon of the 12 sampling

days was 29 pg/m3. On the average, 6.6 pg/m3 of this was Pb, and 2.6 pg/m3

was Br. The next most important contributors were Fe and Ca, with 0.6 and 0.3

,ug/m3 average differences, respectively. The average difference for zinc was

0.04 ug/m3, and all other species which were determined contributed less than
0.1 wg/m3. Thus, about one-third of the observed total is accounted for.

Additional mass can be accounted for by other species known to be present,
for example, the C1 in PbCIBr, and the silicates and carbonates associated with
such metals as Fe and Ca.

It is believed that a large portion of the remaining mass not accounted
for above is carbonaceous, and is made up of such materials as socot from
diesels, oil smoke, particles from tire wear, etc. This belief is confirmed
by x-ray photoelectron spectroscopic analysis, which showed carbon to be the
major species present in the particulate samples.
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8.0 AEROSOL PARTICLE SIZE DISTRIBUTION

Measurements of the aerosol particle size distribution were made by opti-
cal particle size counters (OPC) and electrical aerosol analyzers (EAA). At
the time this work was done, the methods of operating the instrument and re-
ducing the data from the Model 3030 EAA were still under development. On ex-
amining the then recommended data reduction procedure, it quickly became apparent
improvements in it could easily be made. Therefore, the work described in
Appendix C was done.

The major problem with the existing EAA data reduction scheme was that
it was based on the assumption that a monodisperse aerosol would produce a
signal (current difference) in only one instrument channel. From the cali-
bration data, this is clearly not the case (Liu and Pui, 1975). One result
of this assumption is that the best constants for the Lui-Pui data reduction
scheme depend on the aerosol size distribution, and can vary by as much as
a factor of two or three. Another result is shown in Figure 3 of Appendix C,
where the qualitative relation between the aerosol concentration in the size
range corresponding to instrument channel 5 and the aerosol concentration in
the neighboring size ranges is distorted. It is believed that these problems
are resolved by the new data reduction scheme.

Figures 8-1 through 8-7 and also Figure 4 in Appendix C give the result
of fits to selected one-hour average data obtained by the Model 3030 EAA in
the NWC mobile laboratory. The resulting "best fit" parameters are given in
Table 8-1. The figures contain some conventions which it may be helpful to
the reader to explain in detail.

The goal of the fitting procedure described in Appendix C is to find an
assumed bimodal log-normal distribution which leads to a calculated instrument
response that is a "best fit" to the observed instrument response. In other
words, the current differences calculated from assumed aerosol size distri-
bution should agree with the experimental current differences. In this work,
the best fit was determined primarily by a visual comparison of plots of the
experimental and observed current differences. Before making this comparison,
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Figure 8-1. Fit to One-Hour Average EAA Data Beginning at 1000 hr on
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Figure 8-5. Fit to One-Hour Average EAA Data Beginning at 0700 Hr on
27 August 1974.

62



5¢

i

SC592.5FR
‘l‘ Rockwell International

Atomics International Division
Air Monitoring Center

=

[~ ]

=

0

= Experimental

s = Calculated

Ef — = Assumed Size Distribution
i
= Q
|
8 :
S8
|
M
U

=4

.d-

{
O

=

=

. "] } } } } 1
Sy ap g.ag | 1.2 1. 60 2. B0 5 4D 2.86 |

0.0Lum | 0G 1@EE*DP 0.1 km L um

NG 3

Figure 8-6. Fit to One-Hour Average EAA Data Beginning at 0800 Hr on
28 August 1974.

63



SC592.5FR

‘l‘ Rockwell International

Atomics International Division
Air Monitoring Center

o)
=
=
[N .
e g]
= = Experimental
=
., © = Calculated
~aT — - Assumed Size Distribution
QN
o~ iy X
><x‘31
~—
%g £
I %]
O
¢p]
08
. O
Sh * N
= ,g////
=
: B . ; } } i
65.48 g.58 | 1.28 1.60 2.8 2. 38 2.8a@ |
0.0l um | 0F 19@HP0«=0P10.1 um 1 um

NL /

Figure 8-7. Fit to One-Hour Average EAA Data Beginning at 0700 Hr on
5 September 1974,
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Table 8-1
DATA FROM PARTICLE SIZE FITS IN FIGURES 8-1 THROUGH 8-7

Hour
Nuclei Mode Accumulation Mode Average
ngp]e Dg o Partic]g Dg o Particle ~ NOx
ode Concentration Concentration Difference
Day-Hr ©m 104 per cc am 104 per cc ppm
NB10O 0.0135 0.43 75. 0.05 0.67 2.9 -0.186
NES8 0.014 0.43 78. 0.05 0.67 4.4 -0.275
NE17 0.013 0.43 5.3 0.085 0.58 0.38 +0.190
NE19 0.013 0.43 4.6 0.08 0.67 0.42 +0.371
NF7 0.014 0.43 69. 0.04 0.67 5.4 -0.268 |
NG8 0.014 0.43 56. 0.05 0.64 3.9 - -0.148
NL7 0.014 0.43 137. 0.05 0.64 7.9 -0.598
NL9 0.0125 0.43 67. 0.05 0.55 6.9 -0.156

Note: The values of Dg are for log-normal distributions on a particle
number basis. The plot for NL9 is figure 4 of Appendix C.

the current differences were multiplied by the weighting factors in the Liu-Pui
data reduction procedure which convert the current difference in each instrument
channel into the aerosol surface area 1in the corresponding size range

(AS/Alog Dp). It is these weighted data points which appear in the figures.

The quality of each fit can be observed from how well the calculated and experi-
mental points fall on each other. If the Liu-Pui data reduction procedure were
exactly correct, the points would define the aerosol surface as a function of
particle size curve for the observed one-hour average aerosol.

As described in Appendix C, the assumed aerosol size distribution used to
calculate the fits is composed of a series of monodisperse aerosols. This
assumed size distribution is represented in the figures by a series of points
which are connected by straight Tine segments. The points are closely enough
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spaced that Tine segments almost appear to be a smooth curve. This curve
represents the aerosol size distribution which gives the instrument response
shown by the circles in each figure. The separation between the curve and the
circles is a measure of the bias introduced by the conventional Liu-Pui data
reduction method.

An examination of the data in the figures and in Table 8-1 Teads to the

following conclusions:

® The EAA data can be fit very well by a bimodal Tog-normal size distribution.

® The best fit Tog-normal parameters from the Liu-Pui data reduction procedure
can be somewhat distorted.

® The geometric mean diameter and the sigma of the nuclei mode and the accumu-
lation mode aerosol are very constant from day-to-day. (This observation
has been pointed outmany times by K. T. Whitby of the University of
Minnesota.) A possible exception to this is that the accumulation mode
aerosol has a somewhat larger geometric mean size in the two afternoon
data points included in this analysis.

® The number of aerosol particles in the nuclei mode on the downwind side of
the freeway divided by the hour-average increase in NOy across the freeway
is about 3 x 106 particles cm~3 ppm'l. This quantity is the normalized
concentration difference for nuclei mode aerosol due to traffic, and is
analogous for the normalized concentration differences for other species
tabulated in Appendix B.

At the time this reduction of the aerosol data was undertaken, it was
expected that the filter chemistry data would be more useful than they turned
out to be, and that a further comparison of physical aerosol size measurements
with aerosol chemistry data would be carried out. When the true nature of the
filter chemistry data became known, this part of the work was reduced in scope.

A similar analysis has not been performed for the data from the Model
3000 EAA in the ARB mobile laboratory. The primary reason for this is that this
instrument has not been calibrated with monodisperse aerosols in the same way
that Liu and Pui have calibrated the Model 3030 EAA.
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This Appendix contains a description of the contents and format of
the magnetic tape data base which accompanies the Final Report. This inform-
ation allows the reader to determine if the data base contains information of
interest to him, and if so, how to access that information on the magnetic
tapes.

The data base consists of three reels of magnetic tape. Two reels contain
the 10-minute data, and the third reel contains the one-hour and two-hour
average data. The two-hour averages were calculated to allow a direct
comparison between the continuous instrument data and the results from the
chemical analysis of the two-hour filter samples.

All data tapes are 9-track, ASCII, unblocked, with even parity and 800
BPI. Each of the 48 files are separated by one end of file mark. The data
files are identified by the day and site code described in Table 5-3. The
files included on tape are:

10-minute data files: O0A-OL, NA-NL (24 files)
1-hour average files: A-L (12 files)
2-hour average files: A-L (12 files)

10-Minute Value Files - 80 Character ASCII Record

One file has been generated for the data from each day for each of the ARB
and NWC mobile laboratories. The sampling locations are described in Section 5.1
and sampling days and their codes are listed in Table 5-3. €Each file contains
10-minute values of analog data obtained through a multiplexor (MUX data), sulfur
dioxide data, and particle data. In addition, the ARB mobile files also contain
traffic count data.

Each record within a file contains self-identification by site, episode,
date and time. Time is defined by hour and by minute, in multiples of 10
minutes. Each record represents the 10-minute value for a particular parameter,
and is defined by data type code (MUX, particle, or traffic), channel number,
and data values. The parameters available, with corresponding channel numbers,
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are listed in Table A-1. The three types of data are merged by time, so that
all data for time 0600, in order MUX, particle, traffic, exist in the file before
the data for time 0610. The calibration constants and units for the NWC files are

dummies; the actual values were not available.

The three types of data records are identical for characters 1-15, as shown
in Table A-2. For type 3 (MUX) data, type 4 (particle) data and type 5 (traffic)
data, the formats for characters 16-80 are shown in Table A-3.

Following is an example of each site's 10-minute value files:

0A74 81432 €88 1 7. 135E 82 g, 198 83 A.117E 83
0A74d 8143 €l 2 B.ABBE Be B.644E Bl 0.155E B1
orhrd 8143 6pa 32 A.HaEE a8 p.oaBE Bl B.314 al
Oard 28143 82 4 -[A.172E B2 A.556E B3 p.182E @2
DAY4 Blds a8B 5 -, 17HE 82 .256E A3 f.242E @2
Ofr4 3142 6B 7 B.08BE 20 a.z8bE-B3 B.324E-013
TAr4d 3143 @8 8 AL RAGE Be B, 1ddE /22 H.914E-1A2
OArgd 2143 qaE 9 MALERBE DA [, 14vE B3 B, an0E ab
OAr4d G142 epolz A, E &8 p.1legE &l A.23RE-21
OA74d B143 cRE1ZE . AE B3 A, 1808F AR b.ersE-a2
OHT4d 8142 aRald 7 HE @8 A, 1paE g R.318E-21
ORY4d 9143 EpA 15 B.BaRE Aa B, 180E B9 B.441E-1
OAr4d 8142 enolf -RA.225E @2 -8, 165E B4 B.76E3E G2
OA7Y4 2144 8@ | B.18RE-A1 a.178E-81 B.234E 6is B. 4}
DA74 Sl44 GoR 2 B.i7EE-01 AL IGRE-R1 A.5A5E 95 A, as
DATA 2144 c@p 3 A.3ieE-A1 F.oGa2E-a1 9. 7YEEE g a. Bs
ORFd Bld4 &80 4 7, 952E-81 gL, 1ERE BA B.7511E 84 5 Ba
OAr4 S144 fRBR 3 . A A, 17EE @R 7, 142E B4 a. ns
0574 G144 680 £ . F1A B.316E 2o 7.97eE B3 al A4
D74 fida gEE ¥ (RN ds n.4dzzE 99 [ G L I 2 4
ORpv< 8144 gp@ 2 1] (s m.SE2E BO B iaGE B3 . 1Gh!
AT gld4 goe 2 15 [9iE} B, iAGE A b.eH0zE a2 B, 81
OR74 S144 gndla A 5B B.I7SE Al FL295E ©1 gL 1eeE a1l
0R74 Si14d44 aoall a. A i B.316E 21 Q.152E 28 a.1iapE &1
OR7Fa Sidd SRz (. il BLDEZE @1 f,E25E-01 P lE0E B

The ARB site exampie (0A) contains both MUX (type 3) and particle (type 4)
data for the time 0600 - 0609, 8/14/74. Channel 1, type 3, represents wind
direction, and its value for the time period is 1170. The A and B constants
are 15.5 and 108, respectively. Channel 1, type 4, data represents particle
data of mean diameter size .0133 pg; the count is 284000/cm3. The lower
size boundary for this class is .0l u; the higher boundary is .0178 u. The
Dn/Di value (a scaling factor) is 580000.
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Table A-1
10-MINUTE DATA BASE CHANNEL/MNEMONIC CORRESPONDENCE

Mnemonic ARB Channel No. NWC Channel No.
Type 3 Data (MUX)

WDIR (wind direction)(degrees) 1 3
WSPD (wind speed) (km/hr) 2 4
WSIG (wind sigma)(degrees) 3
TOUT (outside temperature)(°C) 4 1
TIN (inside temperature)(oC) 5
BSCAT  (light scattering coefficient)(/M) 7 6
UVRAD (ultra violet radiation)(cal/cm¢/min) 8
BBRAD (broad band solar radiation) 9
(cal/cm2/min)
CNC (condensation nuclei counter)(no/cm3) 11 8
03 (ozone) (ppm) 12 7
NO (nitric oxide)(ppm) 13 9
NO2 (nitrogen dioxide){(ppm) 14
NOX (total oxides of nitrogen)(ppm) 15 10
RELHUM (relative humidity)(%) 16 2
c02 (carbon dioxide)(ppm) 17 11
S02 (sulfur dioxide)(ppm) 20 20
HCTOT  (total hydrocarbons)(ppm) 21
CH4 (methane) (ppm) 22
oy (carbon monoxide) (ppm) 23 5
C2H4 (ethylene) (ppm) 24
Type 4 (particle data, by mean diameter in um)
D= .0133 1
D= .0237 2
D= .0421 3
D= .0750 4
D= .133 5
D= .237 6
D= .36b 7
D= .487 8 8
D= .750 9 9
D= 1.33 10 10
D=2.37 11 11
D=4.21 12 12
D= .0042 21
D= .0075 22
D= .0133 23
D= .0215 24
D= .0306 25
D= .0502 26
D= .0917 27
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Table A-1 (Continued)

Mnemonic ARB Channel No. NWC Channel No.
D= .149 28
D= .219 29
D= .306 30

Note: Diameters .487 i - 4.21 u represent Royco Optical Particle Counter data;
all other channels are Electrical Aerosol Analyzer data.

Table A-2
FORMAT FOR CHARACTERS 1-15, 10-MINUTE FILES

Character Identification Possible Values Format
1-2 Site, Episode Site = N,0 (Navy,Rockwell) A2
Episode = A-L
3-4 Year 74 I2
5-6 Month 3,9 12
7-8 Date 14,20-23,27-30,3-5 12
9 Type 3,4,5 (MUX,particle,traffic) I1
10-11 Hour 06-20 12
12-13 Minute 0,10,20,30,40,50 12
14-15 Channel 1-40
16-80 See Table A-3 60A1
Table A-3

FORMAT FOR CHARACTERS 16-80, FOR 10-MINUTE FILES
BY DATA TYPE

Character Identification

Type 3 (MUX) 4 (5X, E10.3)

16-20 Blank

21-30 Offset

31-35 Blank

36-45 Slope

46-50 Blank

51-60 Value in Engineering Units
61-80 Blank
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Table A-3 (Continued)

Character Identification
Type 4 (particle): 4 (5X,E10.3)

16-20 Blank

21-30 Lower Boundary (Limit)

31-35 Blank

36-45 Upper Boundary (Limit)

46-50 Blank

51-60 Number of particles, in concen-
tration/cmd

61-65 Blank

66-75 Calibration Factor (DN/DI scaling factor)

76-80 Blank

Type 5 (traffic):

16-45
46
47-50
51-60
61-80

30X, Al, 4X, E10.3, 5X

Blank
Direction of Flow N,S
Blank
Number of Cars, Observed
Blank
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MA?4 8143 6 B8 1 Bb.e0BE B0 B.168E 61 B.202E B2
NAr4 8143 € B 2 0.908E 6B B.1BBE ©61 @.719E-01
MAT4 8143 6 0 3 B.Ba8E a0 6.160E B1 8.291E 83
MAT4 81432 6 B 4 0.68PE B0 B.1B8E @61 B.122E o1
HA74 8142 6 8 5 B.BaBE Bo g.180E B1 6. 185E 91
Her4 B143 6 B 6 o.oBeE 6o B.1BoE B1 B.423E 91
NA7P4 8143 6 0 ¢ a.ABPE B9 B.18BE B81 B,223E-682
MAT4 8147 6 B & 2.028E B0 @.100E @1 A.425E OV
Mard B1432 € £ 9 B.pBag /o B.1okE 81 B.851E-01
MAT4 8143 & @10 2.988E Ba g.1a8E @1 a.843E-81
Nard4 8143 £ 11 B.eRaE ae B.188E B1 B.37SE B3

The NWC site example (NA) contains only MUX data for the same time period.
Type 3, channel 3, represents wind direction and has a value of 291.

Merged Hourly Average Files - 1 and 2 Hours - 80 Character, :ASCII Record

One file has been generated for each episode for both time periods; each
file contains merged ARB and NWC data, as well as Air Industrial Hygiene
Laboratory (AIHL) filter chemistry data for both ARB and NWC sites. One
record exists for every available parameter if any data exist for it during the
specified time period, whether or not data exist for both sites; a flag is
included in each record which indicates whether the record contains data from both
sites, or only one site. These files contain not only averages for the time
period, but also standard deviation values per parameter for each site for
that period. Again, each record is self-identifying, by episode (A-L), date,
and time. Time is identified by the begin hour of the averaging period. One
record exists for each parameter having a value during the averaging period,
and will contain both sites' data for that parameter, if available.

In addition to identifying a parameter by type and channel number, the
mnemonic is also included. The available parameters, with corresponding

channel numbers, are shown in Table A-4. The actual record format is defined
in Table A-5.

The standard deviationvalues for AIHL data are actually the error value
noted by AIHL. If a parameter is missing for one site, its average and
standard deviation are set equal to zero.
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HOUR AVERAGE FILES CHANNEL/MNEMONIC CORRESPONDENCE

Channel Mnemonic
Type 3
1 WDIR
2 WSPD
3 WSIG
4 TOUT
5 TIN
7 BSCAT
8 UVRAD
9 BBRAD
i1 CNC
12 03
13 NO
14 NO2
15 NOX
16 RELHUM
17 €02
20 S02
21 HCTOT
22 CH4
23 co
24 C2HA
25 C2H2
Type 4
1 D= .0133
2 D = .0237
3 D= .0421 Electrical Aerosol Analyzer
4 D= .0750 ARB Mobile
5 D= .133
6 D= .237
7 D= .365
8 D = .487
) D= .750
10 D =1.33 Royco Optical Particle Counter
11 D =2.37 Data
12 D =4.21
22 D = .0075
23 D = .0133
24 D= .0215
25 D = .0306 Electrical Aerosol Analyzer
26 D = .0502 NWC Mcbile
27 D = .0917
28 D = .149
28 D= .219
30 D= .306
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Channel Mnemonic
Type 5 0 N (northbound car count)
0 S (southbound car count)
Type 6  (AIHL Respirable Hi-Vol (RH) Data)
1 NH4 (ammonium)
2 NO3 (nitrate)
3 S04 (sulfate)
Type 7 (AIHL NWC Total Filter, Sequential Sample (TFQ) and A1l Total Filter
(TF) Data)
1 AS (arsenic)
2 BR (bromine)
3 CA (calcium)
4 CR (chromium)
5 cu (copper)
6 FE (iron)
7 GA (gallium)
8 HG (mercury)
9 K (potassium)
10 MAS (mass)
11 MN (manganese)
12 NI (nickel)
13 PB (Tead)
14 RB (ribidium)
15 S (sulfur)
16 SE (selenium)
17 S04 (sulfate)
18 SR (strontium)
19 TI (titanium)
20 v (vanadium)
21 IN zinc)
Type 8 (AIHL ARB TFQ)
1 AS
2 BR
3 CA
4 CR
5 Ccu
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Table A-5
RECORD FORMAT, HOUR FILES

Character Identification Possible Values Format
1 Site A-L Al
2-3 Year 74 12
4-5 Month 08,09 12
5-6 Date 14,...5 12
8-9 Hour 06,...19 12
10-11 Minute 00 12
12-13 Type 3 - MUX
4 - Particle
5 - Traffic
6 - AIHL RH
7 - AIHL TF, TFQ NWC
8 - AIHL TFQ, ARB
14-15 Channel 1-30 12
16-23 Mnemonic see above (Table A-4) 2A4
24-33 ARB Average £10.3
34-43 ARB Standard Deviation £10.3
44-53 NWC Average £10.3
54-63 NWC Standard Deviation E10.3
64-65 Merge Flag -1:only Navy data 12

O0:data from both sites
1:only ARB data
66-80 Blank

Following is an example of records from a 2-hour average file. The
first record indicates that forepisode A, which occurred 8-14-74, at time 0600
(for the period 0600 to 0759), type 3 data for channel 1 (wind direction),
had the average value of 2970, with standard deviation of 1530 for the ARB
site, and had the average value of 1500 and standard deviation of 1300 for
the NWC site. The flag (0) indicates that data is present for at least one
10-minute value during the 2-hour period for both sites. The flag (1) for
inside temperature (TIN) shows that data was present only for the ARB site,
while for CNC the flag (-1) indicates only the Navy site had data. The data
occurs in order by type (3-8) and by channel number within type.
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The remaining pages in Appendix A contain plots of the 10-minute data
from sampling Day I, 30 August 1974. This day was seiected because it is
reasonably representative. The plots are presented so that the reader can
gain a visual impression of the data.

It is important to note that these plots were prepared to assist in the
editing of the data, and therefore may contain some data points which were
later classified as invalid and deleted. For example, the NI wind direction
data were in error by a constant angie, and were corrected before inclusion
in the data base. Therefore, for specific data, it is recommended that the
data base itself be referred to. The units used for each measured quantity
are specified in Table A-1 on page 3%5 The power of ten on some ordinates
is the factor by which the numbers on the ordinate should be multiplied.
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TWO-HOUR AVERAGE CONCENTRATION DIFFERENCES
ACROSS THE FREEWAY, AND
NORMALIZED CONCENTRATION DIFFERENCES
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The following tables give two-hour average concentration differences
across the freeway determined by both the continuous gas analyzers and by
analysis of the two-hour filter samples. These tables were constructed
to allow the combination and direct comparison of the continuous
monitor and filter sample data. As explained in Section 6.3, normalized con-
centration differences were also calculated by dividing the observed concen-
tration difference by the corresponding NOy concentration differences. The
purpose of this was to remove the effects of '‘meteorology. sampling site location,
and traffic density from the data, to produce direct information on the relative
amounts of each of the pollutants emitted. 1In the following tables, the numbers
appear in pairs. The top number is the concentration difference in the indi-
cated units, and the one beneath it is the normalized difference.

The two right hand columns of the tables contain the mean and standard
deviation of the four data points from the sampling periods beginning at 1200,
1400, 1600 and 1800 hr. Similarly, the bottom two rows of the tables give the
mean and standard deviation of the data from all sampling days collected at
the given time of day.

The last two columns in the next to the bottom row give the mean and stand-
ard deviation of the means over all sampling days for the afternocon sampling
periods. This grand mean is a number frequently referred to in the body of
the report. The last two columns in the bottom row give the mean and standard
deviation of the standard deviations, and are of Tittle significance. They appear
here because they do no harm, and it would have taken additional programming
effort to omit the calculation of these elements of the matrix.

Tables have not been included for As, Cr, Ga, Hg, Rb, Se, Sr, and V,
because their concentrations were usually below the 1imit of detection. Also,
data have been deleted from the tables for Ca, Cu, Mn, and Ti when one of the
two values from which the concentration difference is calculated was below the
limit of detection. In cases where data were deleted, the calculated means
and standard deviations are not correct because the deleted data were included
in the tabulated means and standard deviations.
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No electrical aerosol analyzer data were included in these tabulations
of differences because the particle size corresponding to the instrument
channel boundaries were not the same for the Model 3030 on the west side and
the Model 3000 on the east side of the freeway.

Except for the NOx data, which come first because of their use in the
normalization, the data are arranged in alphabetical order of the chemical
symbol or mnemonic of the species. The optical particle counter data appear
last in the tables. The tables are followed by plots of the one-hour average
traffic counts in units of 100 vehicles/hour for both the northbound (N) and
southbound (S) lanes. The days are identified by the code in Table 5-3.
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One of the most useful instruments for determing aerosol size distributions
in the 0.01 to 0.5 um diameter size range is the electrical aerosol analyzer
(EAA). The design of the model of the EAA which 1is currently commercially
available has been described by Liu, Whitby, and Pui (1974), and this model
has been calibrated with a series of monodisperse aerosols (Liu and Pui, 1975).
A data reduction procedure and constants based on this calibration has been re-
commended by these authors, and will be referred to here as the Liu-Pui data
reduction procedure (LPDRP). From the time the LPDRP was available until recent
months, most users of the EAA have empioyed these data reduction constants.

In this article, the same experimental data of Liu and Pui are used to
derive a more accurate, but more complicated data reduction procedure, which
is referred to here as the revised data reduction procedure (RDRP). It is
further shown that the LPDRP and RDRP can give results for the aerosol concen-
tration in some instrument size ranges which differ by a factor of two or three.
These differences arise mainly from the assumption in the LPDRP that the signal
(current difference) in each instrument channel is proportional to the aerosol
concentration in the nominal size range corresponding to that channel. The fact
that a monodisperse aerosol can cause an instrument response in twe to five
different channels shows that this simplification is not always valid. Changes
in the concentration of aerosol in the nominal size range of one instrument
channel can cause changes in the instrument response in neighboring channels.
This effect becomes more important as the aerosol size increases.

Another factor which causes the apparent instrument calibration constants
to vary is that the instrument response to different size aerosols all within
the nominal range of one instrument channel can be rather different. In most
channels, the instrument sensitivity varies by about a factor of two, soO
aerosol particles near the large particle boundary of the channel will carry
about twice the current at a given concentration compared to particles near
the small particle size boundary. These problems can be overcome by using more
closely spaced aerosol size increments in the data reduction procedure.
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The Liu and Pui calibration data for the EAA were obtained for a geometric
progression of sizes of monodisperse aerosols, with a spacing of eight sizes
per factor of 10. This spacing is close enough that it is possible to inter-
polate to estimate rather accurately the response of the instrument to any
size of monodisperse aerosol. Since the EAA has a linear response to vari-
ations in the aerosol concentration or to combinations of different aerosols,
it is possible to calculate the response of the EAA to any aerosol size distribu-
tion by representing that distribution by a series of closely space monodisperse
aerosols, determining the instrument response to each monodisperse aerosol, then
summing these responses. The following text describes how the interpolation was
carried out to obtain a closely spaced set of calibration constants, how these
constants are used, then some results from their application to experimental
data.

Figure 1 shows the calibration data of Liu and Pui (1975) for the aerosol
charging conditions of Nt = 1 x 107 (1ons/cm3((sec). For each size aerosol,
as the collector rod voltage increases, the fraction of the aerosol which
migrates to the collector rod increases, hence the fraction which passes through
the drift tube to the electrometer decreases. As shown in the figure, the
smaller aerosols are collected at the lower voltages, and successively larger
particles are collected at successively higher voltages. In part, the fact that
the aerosol of a given size is collected over a range of voltages is due to the
fact that the aerosol is introduced into the drift tube in a zone with a range
of distances from the collector rod.

The discrete nature of electrical charge also has an important effect on
the shape of the curves. For particles 0.018 ym in diameter and smaller,
essentially all particles carry one unit of charge. Slightly larger particles
may have either one or two units of charge, and there is a distinct inflection
in the curves at the voltage where essentially all of the doubly charged par-
ticles have been collected and the singly charged particles pass through un-
collected. Triply charged particles begin to show in the data at 0.042 um
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diameter, and account for 15 or 20% of the electrometer current with 0.056 um
particles. The larger particles carry more units of charge, and the factors
which Timit the resolution of the instrument smear out the inflections caused
by the discrete quantities of charge.

The interpolation between the curves in Figure 1 is made possible by the
observation that the shape of the curves near the inflection from one to two
units of charge is the same for all curves. In addition, the inflection points
are nearly equally spaced on a straight line, which has been added to the
figure. For the interpolation, the curves can be translated without rotation
in such a way that the inflection point remains on the locus of inflections.
The particle size is approximately linearly related to the position of the in-
flection point on this locus. This procedure permits constructing the calibra-
tion curve for any monodisperse particle size between 0.018 um and 0.75 um.
There is an irregularity in the experimental data at 0.13 um, which was largely
ignored in the interpolations reported below.

In normal operation, the collector rod voltage is advanced stepwise through
a series of preset voltages, and the electrometer current read at each voltage.
Liu and Pui determined the voltages to be used by:
1. Selecting a geometric progression of aerosol sizes with four sizes
per factor of 10.
2. Determining the collector rod voltage for each size which reduces
the electrometer current by half.
The interpolation procedure described above permits constructing a continuous
curve for the voltage which reduces the electrometer current by half at each
particle size, and this is shown in Figure 2. The points are from the data
in Figure 1, and the points which were used to determine the collector rod
voltage steps associated with the LPDRP are represented by solid circles.

It can be seen that the transition from one to two units of charge on a
particle causes an inflection at 0.042 um, and from two to three units an in-
flection at 0.075 um. As a result, the uniform progression of particle sizes
produces a non-uniform progression of voltages. It is interesting to note
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Figure 2. The Collector Rod Voltage for Which the Efectrometer Current

is Half Its Maximum Values.
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that the voltage progression would have been much more uniform if the particles
size progression corresponding to the open circles had been used. If new in-
strument operating voltages and calibration constants are developed for the
LPDRP in the future, the use of a smoothed curve (such as that suggested by
the open circles) should be considered.

On first glance at Figure 2, it appears that the EAA responds equally to
several different particle sizes near 0.042 um, in a manner that is similar to
the response of optical particle counters to somewhat smaller particles. 1In
fact, examination of Figure 1 shows that no two curves for different size aero-
sols are alike, so the EAA can always distinguish between monodisperse aerosols
of different size.

Liu and Pui (1975) used the curves in Figure 1 to determine the calibration
constants for the LPDRP. The same procedure was used with interpolated curves
to determine the calibration constants reported in Table 1 for a geometric
progression of particle sizes with 24 increments per factor of 10 as given
by the equation

S R W (1)
The values of Fij in this table are the fraction of the maximum electrometer
current due to particles of size i associated with instrument channel J. The
fraction of the electrometer current associated with an instrument channel is
the difference between the fraction of the current at the two voltages at the
channel boundaries as read from the (interpolated) curves in Figure 1.

The calibrations of Liu and Pui (1975) also include the determination
for each size aerosol of the instrument sensitivity Si’ i.e., the electro-
meter current divided by the aerosol concentration at low enough collector
rod voltages that the aerosol passes through the drift tube and is collected
on the electrometer filter (except for aerosol losses in the instrument, which
are largely accounted for by this calibration). The data for aerosol particle
sizes between 0.01 um and 0.03 um are given in Table 1. For particles smaller
than 0.01 um, values of Si are given by
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Table 1
CALIBRATION CONSTANTS FOR THE REVISED DATA REDUCTION PROCEDURE

Pagi_:ide gqrtizle Sensilt\ivity Fraction of the Electrometer Current Fij
1ze tameter in Each Instrument Channel j
Subscript Dj 10° partjcles/
i am cm 1 ? 3 4 5 [} 7 [:} ] 10 >10

1 0.0032 :I 1 - - - - - ...

2 0.0035 1 - - - - - - - - - -

3 0.0038 = 1 - - - - - - - - - -

5 0.0042 - 1 - - - - - - - - -

5 0.0046 g 1. - - - - - - - -

6 0.0051 = .95 .05 - - - - - - - -

7 0.0056 g .50 .50 - - - - - - -

8 0.0062 g .05 .95 - - - - - - - - -

9 0.0068 ° - 1. - - - - - - - -
10 0.0075 @ - 1. - - - - - - - -
11 0.0083 - 1. - - - - - - - -

12 0.0091 - .95 .05 - - - - - - - -
13 0.010 - .50 .50 - - - - - - - -
14 0.011 1.3 - - .95 - - - - - - - -
15 0.012 1.7 - - 1. - - - - - - -
16 0.013 2.0 - 1. - - - - -
17 0.014 2.4 - - 1. - - - - - - - -
18 0.016 3.0 - - .95 .05 - - - - -
19 0.018 3.9 - - .50 .50 - - - - - - -
20 0.019 4.8 - - .05 .95 - - - - - - -
21 0.021 5.6 - - .07 .93 - - - - - - -
22 0.025 6.3 - - .09 .91 - - - - - - -
23 0.026 7.0 - - - .97 .03 - - - - -
24 0.039 8.0 - - - .84 ..16 - - - - -
25 0.032 p - - - .51 .49, - - - - - -
26 0.035 i - - - .37 .56 .07 - - - - -
27 0.034 - - - .44 .27 .29 - - - - -
28 0.042 - - - .48 .08 .44 - - - - -
29 0.046 - - - .45 16 .39 - - - - -
30 0.051 - - - .20 .47 .27 .06 - - - -
31 0.056 - - - .14 .36 .33 .17 - - - -
32 0.062 - - - 99 -20 .53 .18 - - - -
33 0.068 - - - : .28 .60 .09 .03 - - -
34 0.075 - .14 .58 .24 .04 - -
35 0.083 - - - .08 .69 .19 .04 - - -
36 0.091 - - - - .02 .58 .32 .08 - - -
37 0.100 - - - - - .57 .36 .07 - - -
38 0.110 - - - - - .85 .37 .08 - - -
39 0.12 - - - - - .46 .46 .08 - - -
40 0.13 \L - - - - - .42 .50 .08 - - -
41 0.14 = - - - - - .14 .71 .12 .03 - -
42 0.16 ~ - - - - - .10 .60 .24 .06 - -
43 0.18 s - - - - - .03 .47 .39 .08 ,03 -
44 0.195 5 - - - - .40 .42 .13 .05 -
45 0.21 < - - - - .31 .46 .16 .05 .Q2
46 0.24 g - - - - - - .22 .48 .21 .06 .03
47 0.26 ° - - - - - - .17 .50 .23 .07 .03
48 0.29 o - - - - - - .11 .48 .27 .09 .05
49 0.32 7S - - - - - - .08 .42 .32 .11 .07
50 0.35 - - - - - - .05 .40 .35 .12 .08
51 0.38 - - - - - - .03 .38 .36 .15 .12
52 0.42 - - - - - - - .30 .36 .21 .13
53 0.46 - - - - - - - .26 .37 .20 .17
54 0.51 - - - - - - - .22 .35 .24 .19
55 0.56 - - - - - - - .18 .36 .25 .21
56 0.62 - - - - - - - .14 .35 .25 .26
57 0.68 - - - - - - - L1300 .31 .25 .31
58 0.75 - - - - - - - .12 .29 .24 .35
59 0.83 - - - - - - - .08 .25 .24 .43
60 0.91 1 - - - - - - - .08 .20 .24 .48
61 1.00 - - - - - - - .07 .15 .26 .52
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10910 Si = 13.975 + 7.033 10910 Di , (2)
and for particles larger than 0.03 um by

10g]0 S; = 2.618 + 1.113 109-IO Di (3)

.i

3

where Si is in units of pA per 106 particles/cm™ and Di is in units of um.

In a hypothetical case in which a number concentration Ni part1c1es/cm3

of each size Di is supplied to the EAA, the observed current difference for
each instrument channel would be

61

-6
.= = N.S. F.. .
AL z N; S, FU x 10 (4)

The factor of 10-6 arises because Si is given in units of pA per 106 particles/

cm3.

The particle size distribution which most nearly gives the same instrument
response as an observed response can be found by:

1. Adopting a criterion for goodness of fit, so various fits can be
ranked in order of decreasing quality,
Assuming a trial size distribution Ni’
Calculating the instrument response from Equation (4),
Determining the goodness of fit,
Adjusting the trial size distribution so as to improve the fit, and
Continuing with steps 3 through 5 until the goodness of fit para-

Y O BEw N

meter is minimized.
In the work reported below, the problems at hand were adequately solved by
using a visual observation of a plot of the data in step 1, and having the
computer operator choose new parameters in step 5. However, it should be
straightforward to automate the entire procedure.
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Figure 3. Number Concentration of a Flow-Reactor Produced Aerosol Measured

with Nt = 1 x 107 cm=3 sec. The Solid Line Contains Results from
the LPDRP and the Dotted Line from the RDRP.
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The above procedure is simplified if some functional form is assumed for
the size distribution. For atmospheric aerosols, three size classes appear
to be important, and the experimental data are usually adequately represented
by a trimodal log-normal distribution. Only two of the aerosol size classes -
fall within the range of the EAA, so a bimodal log-normal distribution is
usually the mathematical form of choice in reducing EAA data for atmospheric
aerosols, and many aerosols from other sources.

To represent a log-normal distribution containing a concentration of Nt
partic]es/cm3 by a series of monodisperse aerosols of the sizes given by
Equation (1), the concentration of each size Ni is given by the relation

en 10)/24 (2n Dj-2n Dg)
N, =N S—————l——-exp - ! : , (5)
i t~ /or o 92

where Dg is the geometric mean diameter and ¢ is the standard deviation. A bi-
model log-normal distribution can be represented by the sum of two such rela-
tions. Therefore, there are six adjustable parameters for a bimodal log-normal

distribution, N Dg and o for each mode.

£
The first example of the use of this procedure shows data for an aerosol
obtained from a flow reactor (Lipeles, 1976). In this case, a functional
form closely approximating the aerosol size distribution was chosen, and the
instrument response to this size distribution was calculated. Then, this
calculated instrument response was used to determine new calibration constants
for the LPDRP, and the data given by the dotted Tine sigments in Figure 3 were
obtained. The solid line segments show the results obtained by the LPDRP. The
results in this figure were the first obtained by the methods presented here,

and encouraged the further use of this method.

Another result is shown in Figure 4. These data were obtained immediately
downwind from a major freeway in Los Angeles. (The EAA was operated with charg-

6 (ions/cms)(sec), so calibration constants

ing conditions of Nt = 7 x 10
derived for this charging condition were used in the reduction of these data).
The points representing the experimental data were obtained from the observed
instrument response using the LPDRP. The curve represents the best-fit bimodal

Tog-normal distribution, and is made up of straight line segments joining the
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Figure 4. Particle Size Distribution Data Obtained Near a Freeway
with Nt = 7 x 106 (ions/cm3)(sec).
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values of Ni when presented in this aerosol surface vs aerosol size representa-
tion. The points representing the calculated instrument response were obtained
from the current differences calculated for each instrument channel from the Nj
represented in the curve. The LPDRP was used to convert the calculated instrument
response into the points in the figure. When the calculated and observed points
in the figure are equal, the calculated and observed instrument current dif-
ferences are equal. Thus, the transformation used for the observed and calculated
points in Figure 4 is one way of weighting the differences between the observa-
tions and calculations when searching for the best fit.

In the fitting procedure, values of Dg and o for each mode were selected
by hand, and the values of Nt for each mode were selected to obtain the best
least-squares fit of the data points as represented in Figure 4. Thus, the data
were transformed to the AS/Alog d representation before the sum of the square of
the errors was determined. Needless to say, the choice of a goodness of fit
criterion was arbitrary, and other choices could have been used.

The results in Figure 4 show that it was possible to obtain close agreement
between the observed and calculated instrument response, (hence the criterion
used to determine the best fit is not of great importance). The quality of
this fit is not strong evidence for the bimodal log-normal nature of aerosol
distributions, because six parameters were adjusted in the fit to nine non-zero
data points. The best evidence for the bimodal nature of the aerosol was the
observation that the smaller particle size mode (nuclei mode) was directly due
to the freeway traffic, and the larger particle size mode (accumulation mode)
was not importantly influenced by the traffic. However, the quality of the fit
does show that the bimodal log-normal distribution is adequate to represent the
data.

It is apparent that there is some difference between the results obtained
by the LPDRP (shown by the points) and the RDRP (shown by the curve). For
one thing, the values of Dg for each mode from the RDRP are smaller than from
the LPDRP.
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Table 2

RATIOS OF CALIBRATION CONSTANTS

Nt = 1 x 107 ions enS sec
(Liu, Pui Constants/Constants Calculated Here)

Assumed Size Distributions

Accumulation Nuclei
Mode Mode
Dg g Dg o
0.061 0.67 0.013 0.42
0.150 0.018
0.235 0.022
Nominal
Aerosol
Size m Ratios of Calibration Constants
0.0075 3.85 3.04
0.0133 1.36 0.90
0.0237 3.10 0.94
0.0422 0.80 0.66
0.0750 1.28 (6.70)
0.133 1.04
0.237 0.9%6 Too
0.422 1.36 Few
0.750 3.70 Particles
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Another comparison between the two data reduction procedures is shown in
Table 2. Two different log-normal aerosol size distributions were assumed,
one appropriate for accumulation mode aerosols and the other for nuclei mode
aerosols. The instrument response for an arbitrary concentration of each aero-
sol was calculated. Then the concentration of aerosol particles within the size
range of each nominal instrument channel specified by the LPDRP was divided by
the calculated current difference for that channel to obtain calculated values
for the instrument calibration constants. The calibration constants reported
by Liu and Pui were then divided by the calculated constants to obtain the ratios
given in Table 2.

The data for channels 7 and Targer for nuclei mode aerosols are not reported
for two reasons:
1. In this size range, the nuclei mode aerosol concentration falls off
extremely rapidly with increasing particle size, with the result
that the calculated calibration constants are orders of magnitude
larger than those of the LPDRP, and
2. There is no practical use for the calculated constants because no
actual aerosol would fall off as rapidly in concentration in this
size range as does the assumed size distribution.
The data for channel 6 are enclosed in parentheses because the above comments
are partly relevant to this result.

There are two important things to note in Table 2. The first is that the
calibration constants calculated here for the accumulation mode and nuclei mode
size distributions are as much as a factor of three different from those re-
commended for use in the LPDRP. The second is that the calibration constants
calculated here depend on the aerosol size distribution. This is especially
notable in instrument charnel 4 for the size distributions in Table 2, but such
differences can occur in other instrument channels for other size distribution.

In summary, it is believed that the existing data reduction procedures for
the EAA contain approximations which have a significant effect on the derived
results, but that more elaborate data reduction procedures are easily derived
which remove these problems, and allow experimentalists to obtain data from
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the EAA which exploit its full potential. It should be possible to make computer
routines generally available to provide easy access to these data reduction pro-
cedures.

This work was supported, in part, by California Air Resources Board
Contract Nos. ARB3-986, and ARB4-335.
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APPENDIX D
ADDITIONAL MONITORING FOR SULFURIC ACID
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When the editing of the data bank was completed and the two-hour average
differences and normalized differences were calcultated and tabulated, it became
apparent that the data contained the uncertainties described in Sections 6.0
and 7.0 of this report. Therefore, it was decided to devote less effort to
the interpretation of these data than had been planned.

It was recommended to the ARB that about $5,000 of the remaining funding
be directed to measurements of sulfuric acid near a freeway, and this recom-
mendation was accepted. The work toward that goal is reported in this Appendix.

In summary, a lTow-temperature volatilization method for sulfuric acid
which was under development at the AMC was calibrated, and the measurement
method was evaluated in the ambient air in Newbury Park, California. Signals
corresponding to roughly 1 ug/m3 sulfuric acid were observed. Since these
"background" signals were comparable to or larger than the signals to be expected
near a freeway, they greatly increased the difficulty of measuring sulfuric
acid concentrations due to catalyst equipped automobiles, and the attempt to
make these measurements was discontinued. The following, more detailed, account
of this work concludes with a short summary of the best current information

on the cause of these signals, which are like those from sulfuric acid.

The measurement method used in this work was first described by L. W.
Richards in a proposal to the EPA, and after work on its development was begun,
it was described at an American Chemical Society Meeting (Richards, 1973).

The measurement method has been reduced to practice in an instrument delivered
to the EPA (Mudgett, Richards, and Roehrig, 1974a, 1974b), and has been
patented (Richards and Mudgett, 1974). The instrument was operated by the

EPA during the General Motors Sulfate Dispersion Experiment (Stevens, et al.,
1976), and determined amounts of sulfuric acid in the range between 0.7 and
5.1 pg/m3.

The measurement method uses a two-step procedure. In the first step,
ambient air is passed through a Teflon filter to collect the sulfuric acid and
other particulates which might be present. 1In the second step, the sulfuric
acid is volatilized from the filter by dry, warm air and transported toc a Meloy
SA 160-2 Flame Photometric Detector Sulfur Gas Analyzer (FPD). This procedure
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differs from previous work by placing emphasis on the use of dryness to separate
sulfuric acid from other sulfur containing particulates. It has also been
found that a small amount of methanol in the dry air flow can improve the
efficiency of the volatilization of the sulfuric acid and its transport to the
FPD. The monitor has been designed to allow considerable flexibility in the
monitoring cycle time and in the flow rate of the sample air. The analytical
procedure detects only sulfur containing compounds which are in the particulate
phase under ambient conditions and become volatilized when dried and warmed

in the presence of methanol. At the time the work reported here was begun, it
was believed that this procedure was free from significant interferences,
except those which occur when the sulfuric acid reacts with other components
of the aerosol on the filter.

Any method for detecting sulfuric acid is subject to interferences from
basic materials present in the atmosphere. Even a neutral material such as
sodium chloride from sea salt can interfere, by converting sulfuric acid into
sodium sulfate and gaseous HC1. Therefore, precautions must be taken tominimize
and quantify these interferences. In addition, it is possible that other
volatile sulfates can interfere in the procedure just described. Repeated
experiments have shown that ammonium sulfate does not give a positive inter-
ference, even when tens of micrograms are deposited on the filter as a submicron
sized aerosol, provided the volatilization temperature is kept below about 1800C.
On the other hand, ammonium sulfate on the filter can cause a negative inter-
ference by reacting with sulfuric acid to form ammonium bisulfate, which is
not detected, provided the volatilization temperature is low enough.

In 1974 and 1975, an improved model of the sulfuric acid monitor was con-
structed at the AMC. At the time the work reported here was proposed, the cali-
bration of the instrument was underway. Under this ARB contract, the Berglund-
Liu vibrating orifice aerosol generator (Berglund and Liu, 1973) was used to
generate monodisperse aerosols of a few microns diameter of known composition.
Calibration experiments confirmed that the low temperature volatilization
technique does not respond to ammonium sulfate at the volatilization temperatures
in use. In addition, the metal sulfates are even less volatile, and also give
no signals. There was not enough time during this ARB funded work to completely
characterize the response of the instrument to ammonium bisulfate, but later
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